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PROCEEDINGS 

OF  THE 

IRON  AND  STEEL  INSTITUTE. 


LIVERPOOL  MEETING.   1892. 


TUESDAY.  SEITEMBKR  20th. 

The  Autumn  Meeting  of  the  Institdti;  was  opened  on  the 
forenoon  of  »September  20th  at  St.  George's  Hall,  Liverpool, 
Sir  FiiEDERiGK  Abel,  KX'.B.,  D.C.L.,  F.Ii.S.  (President),  occupying 
the  Chair, 

Reception  of  the  Instttute. 

His  WOESHIP  the  ilAVOR  of  LlVERPOnL  (JaMES  1>E  EeLS 
Al)i3fs,  Esq.)  saul  that,  as  Chief  Magistrate,  and  as  President  of 
the  Local  Pieception  Committee,  he  heartily  welcomed  the  Iron 
and  Steel  Institute  to  tlie  city,  and  he  hoped  that  the  arrange- 
ments made  by  the  Committee  would  be  such  as  to  merit  the 
approbation  of  the  members.  It  was  in  the  year  1879  that  they 
last  visited  Liverpool,  and  tliey  then  inspected  several  places  of 
interest  in  the  locality.  On  the  present  occasion,  tlie  programme 
included  visits,  not  only  in  Liverpooh  but  also  to  other  places  of 
H  interest  in  the  neighbourhood.  Arrangements  had  been  made  to 
™  sec  the  Manchester  Ship  Canal,  and  those  who  would  like  to 
go  as  far  as  Vyruwy  would  be  able  to  see  the  admirable  works 
carried  out  there  for  the  supply  of  water  to  the  city.      Again  he 

Ldesired^  in  the  name  of  the  Committee,  heartily  to  welcome  the 
members  to  Liverpool,  and  he  hoped  tliat  during  their  stav  in 
iZ 


2  PRESIDENT  S  REMARKS. 

the  citj  the  arrangements  made  for  their  comfort  and  convenience 
would  meet  with  their  approval. 

The  President  said  that,  on  his  own  behalf,  and  on  behalf  of 
his  colleagues  on  the  Council  and  the  members  of  the  Insti- 
tute, he  desired  cordially  to  thank  the  Mayor  for  his  hearty 
words  of  welcome.  They  had  had  the  pleasure  of  visiting  the 
town  thirteen  years  ago,  and  they  were  now  able  to  notice  the 
vast  progress  that  had  been  made  in  every  direction  since  that 
time.  For  Liverpool  had  always  been  most  intimately  associated 
with  the  revolutions  that  had  been  made  from  time  to  time 
during  the  last  fifty  years  in  the  art  and  science  of  construction, 
and  in  applied  mechanics.  Thirteen  years  ago,  when  they  had 
the  pleasure  of  listening  to  and  discussing  a  variety  of  excellent 
papers,  there  was  one  of  especial  interest  by  Mr.  J.  A.  Pictou 
on  the  progress  made  in  the  application  of  iron  and  steel  to 
constructive  purposes,  and  those  who  would  visit  the  docks  a 
day  or  two  hence,  and  admire  those  magnificent  vessels  which 
were  rivalling  the  now  classical  Great  Eastern  in  size,  and  greatly 
excelling  her  in  speed,  would  be  able  to  recall  the  interesting 
statement  made  by  him,  that  the  first  sea-going  iron  ship  was 
built  by  James  Hodgson  in  the  year  1844  in  Liverpool — a  ship 
of  522  tons  burden.  Since  that  time  what  rapid  strides  had 
been  achieved  !  For  a  time  no  progress  was  made ;  but,  as  Mr. 
Picton  had  pointed  out,  all  of  a  sudden,  as  by  an  impulse  of 
common  consent,  wood  was  discarded  and  iron  ruled  the  day ; 
and  as  iron  ruled  the  day  then,  or  shortly  afterwards,  so  did 
steel  rule  the  day  now.  No  better  place  than  Liverpool  could 
have  been  chosen  for  witnessing  illustrations  of  all  descriptions, 
great  and  small,  of  the  great  variety  of  purposes  to  which  iron 
and  steel  could  be  applied.  They  had  all  looked  forward  with 
great  pleasure  to  the  present  meeting.  He  thanked  the  Com- 
mittee heartily  for  the  arrangements  made  for  their  comfort  and 
pleasure;  and  they  were  perfectly  sure  that  among  the  many 
interesting  meetings  which  the  Institute  had  held,  not  the  least 
interesting  would  be  the  one  now  about  to  commence. 

The  Minutes  of  the  previous  meeting  were  then  read,  con- 
firmed, and  signed  by  the  President. 


NKW    MEMREttS. 


New  Members. 

Messrs.  J.  S.  Simpson  and  E.  G.  Tosii  were  appointed  scniti* 
neers  of  the  voting  papers,  and  reported,  on  the  completion  of 
their  scrutiny,  that  the  following  candidates  had  been  elected 
members  of  the  Institute : — 

Bellacosa,  N  a  uciso  1*1  S(i  t>e  la Madrid, 

Bellhouse,  Edward  Lloyd  W ....Sheffield. 

BoBRSTK,  GuiLLETiMO. Spain, 

Caine,  William  Rprotson^  M.P...... London. 

Clayton,  Wilmam  Wikklev,,,       Leeds, 


CrADOCK,  GgOROE.. 


.Wakeaeld, 


i 


Crawford,  James Wcjrkington. 

Delano,  Frederic  A,. , .Chicago. 

Fackentbal,  R  F.,  Jtin..  ..Riegelsville,  Pa, 

Frank,  Juuus Ems,  Gennany. 

Greathkad,  James  Hkvhy , London. 

GairFiTHs,  Ernest...  ...(Jriifithstown,  Mon. 

Hornung,  Charlks. ,,.....,., Melton  Mow^bray, 

Jones,  Greville  Tvndall.. Mitidlesborough 

Pattison,  Jobn  Alfred Naples 

PicKFORD,  Joseph  James ..bhefKnliL 

8AN1TER,  Ernest  Hekuv. Wigan. 

.SUTHERLAN D,  Da VI D   A LEXANDEB. , Loudon, 

Thomas,  John,... ....LlangeimedL 

Wells,  W,  K llotherham. 


president's  addkess. 


THE  PRESIDENTS  ADDRESS. 


It  is  a  judicious  custom  witii  ua,  having  regard  to  the  large 
amount  of  business  to  be  acconiplislied  generally  at  our  Autumn 
meetings,  that  the  introductory  observatioiis  of  the  President 
should,  on  those  occasions,  be  brief.  In  limiting  myself,  there- 
fore, to  a  few  remarks  appropriate  to  the  occasion,  allow  me  in 
the  first  instance  to  remind  the  members  of  the  Iron  and  Steel 
Institute  that  the  year  of  our  former  visit  to  Liverpool  was  one 
of  especial  interest  in  the  annals  of  tliis  Association,  for  it  was  in 
that  year  that  the  successful  results,  and  the  first  really  practical 
achievements,  in  the  elimination  of  phosphorus  from  pig  iron 
during  its  conversion  into  steel,  were  communicated  to  the 
Institute  on  the  occasion  of  tho  tirst  meeting  presided  over  by 
one  of  the  most  eminent  of  our  practical  authorities  on  iron  and 
Bt/eel — wliose  comparatively  early  death  we  all  deplore — Mr, 
Edward  WilliamSj  of  Middlesbrough,  who  filled  the  office  of 
chairman  at  the  meeting  in  Newcastle-on-Tyne  which  led  to  the 
existence  of  our  Institute,  and  who  was  the  very  first  to  institute 
practical  and  successful  experiments  with  the  Bessemer  converter 
by  simply  following  the  statements  embodied  in  that  memorable 
paper  read  at  the  British  Association  Meeting  at  Cheltenham 
in  1850. 

The  most  prominent  of  the  communications  made  to  the 
Institute  at  its  spring  meeting  in  1879  were  those  of  Thomas 
and  Gilchristj  of  Snelus,  and  of  Windsor  Richards,  on  the  removal 
of  phosphorus  from  iron,  and  they  gave  rise  to  a  very  instructive 
discussion,  which  was  resumed  in  the  autumn  at  Liverpool, 
apropos  to  a  paper  on  the  same  subject  by  M.  Pourcel  of  Terre- 
Noire. 

A  subject  was  incidentally  dealt  with  in  1879  by  itr,  Snelus, 
in  the  paper  just  alluded  to,  which  has  assumed  considerable 
prominence  during  my  presidency,  namely,  the  removal  of  sulphur 
from  pig  iron  during  the  production  of  steel  from  the  latter, 
which  he  showed  to  be  concomitant  with  the  elimination  of 
phosphorus  in  the  converter  when  a  basic  lining  was  employed, 
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accompanied  witli  the  mainteoance  of  a  thoroughly  basic  slag. 
Oar  information  on  this  sobject  was  not  added  to  until  Mr. 
Massenez  gave  us  his  interesting  and  instructive  paper  on  the 
important  results  attained  at  Hoerde  in  the  application  of  an 
observation  which  appears  to  have  been  originally  made  by 
Caron  a  good  many  years  ago,  that  manganese  was  an  efficient 
desulphurising  agents  the  sulphur  being  carried  into  the  slag  as 
sulphide  of  manganese.  At  our  Spring  meeting  this  year,  we 
received  from  Messrs.  Ball  and  Winghatn  a  description  of  the 
resnltfl  of  laboratory  experiments,  in  which  potassium  cyanide 
and  potassium  ferro-cyanide  were  eui ployed  in  conjunction  with 
sodium  carbonate  as  desulphurising  agents,  sodium  carbonate 
and  sodium  oxide  being  also  tried  alone.  The  advantages 
attending  the  employment  of  the  cyanides  did  not  appear  to 
be  made  out  conclusively,  and  although  a  very  considerable 
reduction  in  the  proportion  of  sulphur  was  effected  in  some 
experiments,  complete  desulphurisation  was  only  attained  by 
the  amdliary  employment,  towards  the  close  of  the  piM!»ces3,  of 
a  small  quantity  of  ferro-manganese,  a  result  which  provoked 
the  criticism,  on  the  part  of  Mr.  Massenez,  that  it  might  have 
been  more  simply  attained  by  the  use  of  ferro-manganese  alone. 
On  the  present  occasion  we  shall  have  before  us,  in  connection 
with  the  subject  of  the  removal  of  sulphur,  a  series  of  experiments 
carried  out  by  Mr.  Saniter,  the  results  of  which  seem  to  de- 
monstrate that  calcium  chloride  (winch  can  be  obtained  cheaply 
and  in  great  abundance  as  a  by-product  of  certain  alkali  works) 
is  a  very  efficient  desulphurising  agent,  and  this  cooclusioix 
receives  strong  support,  from  the  results  described  by  Mr.  Stead 
in  an  interesting  paper  which  he  has  prepared  for  onr  instruction, 
and  which  combiues  a  remtmi  of  previous  %vork  by  various  in- 
vestigators, and  an  examinaHon  of  the  value  of  several  desul- 
phurising agents,  with  an  account  of  hi:^  own  experiments  on 
this  subject.  These  two  papers  should  elicit  a  very  interesting 
discussion* 

It  cannot  fail  to  be  a  source  of  rejoicing  to  all  who  are  attend- 
ing this  meeting  that  Sir  Lowthian   Bell,  after  his  recent  heavy 
ibour  in  the  interests  of  tbia  Institute,  which  have  resulted  in  the 
fe  delivery  of  his  latest  child,  the  special  American  volume,  has 
found  time  and  incliuation  to  prepare  for  our  information  a  paper 


6       ^^^^^^       puesident's  address* 

which,  to  judge  from  its  suggeBtive  title,  is  destined  to 
great  interest,  as  dealing  with  the  inauguration  of  a  new  e; 
in  the  marvellous  history  of  the  utilisation  of  wast^  products.  All 
who  have  followed  the  development  of  the  basic  process  will 
remember  the  important  part  played  in  the  rapid  ext'ension  of  its 
application  in  Germany  by  the  utilisation  of  the  phosphatic  slag 
for  agricultnral  purposes,  aod  we  have  been  thus  in  a  measure 
prepared  for  Sir  Lowthian  BelTs  revelations  regarding  the  agricul- 
tural value  of  by-products  from  the  blast  furnace. 

Ironmasters  and  manufacturers  of  steel  will  alike  welcome  the 
further  achievements  of  Professor  Roberts-Austen  in  the  direction 
of  a  thoroughly  practical  application  of  his  system  of  auto- 
graphically  recording  the  continuous  temperature -indications 
afforded  by  thermo-janctions,  which  have  been  so  successfully 
applied  to  the  registration  of  high  temperatures.  Sir  Lowthian 
Bell  iti formed  us  at  our  last  meeting  that  he  had  made  successful 
use  of  platinum  and  platinum-rhodinm  therrao-j  unctions  for  ob- 
taining records,  in  a  central  laboratory,  of  the  temperatures  in 
the  hot-blast  mains  at  the  Clarence  Iron  Works,  and  the  inquiries 
made  of  Professor  Roberts- Austen  since  then,  by  ironmasters, 
have  led  him  to  develop  and  simplify  his  recording  arrangements, 
so  that  the  temperatures  actually  existing  in  mains,  exit-ga 
&c.,  in  different  distant  parts  of  the  works,  may  be  expeditious: 
ascertained  and  recorded  at  a  central  station.  The  result  of  his 
successful  labours  in  this  direction  will  assuredly  be  highly  valued 
and  extensively  applied. 

The  continuously  progressive  expansion,  within  the  last  four 
years,  of  our  knowledge  regarding  the  influence  exerted  by  ether 
metals,  and  by  certain  non-metals,  upon  the  mechanical  and 
physical  properties  of  iron  and  steal,  which  has  already  been 
fruitful  of  practical  results,  could  not  be  better  illuatrnted  than 
by  the  most  comprehen.sive  and  instructive  monograph  on  the 
alloys  of  chromium  and  iron  which  Mr.  Robert  Hadfield  has 
prepared  for  this  meeting ;  it  not  only  furnishes  an  excellent 
digest  of  the  history  of  this  branch  of  a  subject,  to  the  study  of 
which  Mr,  HadGeld  has  already  so  successfully  devoted  himself, 
but  it  also  gives  the  results  of  a  systematic  series  of  mechanical 
experiments,  carried  out,  chiefly  by  himself,  with  a  number  of 
iron-alloys  in  which  the  proportion  of  chromium  ranges  from  0*2 
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of  1  per  cent  to  13  per  cent*  The  results  of  experiments  on  the 
magnetisation  and  on  the  electrical  qaaltties  of  several  of  these 
alloys,  by  Dr.  Hopkinson  and  Dn  Bottotnley,  are  included  in  the 
paper,  appended  to  which  is  a  report  by  M,  Osmond,  from  whom 

■  the  Institute  has  already  received  so  much  valuable  information, 
^^pviDg  the  results  of  an  investigation  of  the  physical  properties 
^fw    Mr-    Hadfields   chromiom    alloys,    frum    which    several    very 

■  interesting  conclusions  are  drawn,  especially  with  regard  to  the 
conditions  in  which  chromium  is  believed  to  exist  in  the  annealed 
and  nnannealed  alloys, 

■  This  paper,  which  doubtless  will  give  rise  to  an  important 
discussion,  illustrates  the  saccessfnl  application  of  methods  of 
experimental  investigation  of   quite  recent  elaboration  into  the 

■  properties  of  the  metals  and  their  relations  to  each  other  and  to 
the  non-metals ; — methods  replete  with  interest  and  importance, 
but  the  remarkable  nature  of  which  is  at  least  equalled  by  the 
method  of  research  now  being  applied  by  Professors  Dewar  and 
Fleming  to  the  examination  of  the  electrical  resistances  of  pure 
metab,  alloys,  and  non-metals. 

The  electrical  conductivity  of  metals  at  low  temperatures  has 
been  made  the  subject  of  study  by  several  experimenters.  Thus, 
Qaiiletet    and    Bouty    examined,    in    1885,    the    resistance,    and 

itance-change  with  temperature,  of  various  metals  at—  lOO*'  C, 
liquid  ethylene  being  employed  as  the  refrigerating  agent.  In 
the  same  year  Wroblewski  measured  the  electrical  resistances  of 
electrolised  copper,  in  the  form  of  wire,  at  temperatures  ranging 
from  lOO"*  C.  to  —  100^  C,  and  also  observed  the  comparative 
resistances  of  these  wires  at  the  critical  point,  tlie  boiling  point 
and  the  temperature  of  solidification,  of  nitrogen.  But  Professor 
Dewar,  by  the  remarkable  work  upon  which  he  has  been  of 
lat^  engaged  at  the  Kojal  Institution,  has  placed  at  the  com- 
mand of  the  physicist  and  chemist  liberal  supplies  of  a  cooling 
;ent,  by   the   use  of  w^hich    much    lower  temperatures   can   be 

ined  than  those  just  referred  to.  By  successive  steps  of 
refrigeration,  with  the  aid  of  licfuid  carbonic  acid,  of  ethylene, 
and  nitrous  oxide,  and  of  simple  Tiiechaoical  arrangements,  he 
has  succeeded  in  producing  liquid  oxygen  in  such  abundance  that 
it  has  enabled  him,  and  w^ill  enable  others,  to  pursue  methods 
of  experiment  and  obtain  results  little  dreamt  of  a  few  years 
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properties  of  metals ;  methods  which  may  rival  in  their  delicacy 
the  greatest  achievements  of  analysis  or  the  most  sensitive  thermal 
methods  of  research.  It  is  true  that  the  materials  and  appliances 
required  for  the  preparation  of  pure  oxygen  are  costly,  and  that 
the  operations  are  laborious ;  but  there  is  no  finality  in  such 
fields  of  experiment  as  this.  Three  or  four  years  ago  great  labour 
and  greater  uncertainty  attended  the  preparation  of  two  or  three 
drops  of  oxygen  ;  now  the  appliances  at  the  Royal  Institution  fur- 
nish liquid  oxygen  in  pints ;  the  process  of  production  may,  indeed, 
be  said  to  be  approaching  one  of  manufacture^  and  some  in  this 
room  may  live  to  see  the  day  when  the  history  of  liquid  oxygen  is 
a  complete  parallel  to  that  of  liquid  carbonic  acid,  the  preparation 
of  which  in  small  quantities,  in  my  young  student  days,  involved 
many  hours  of  hard  labour,  while,  on  the  other  hand,  it  has  now 
for  years  past  been  an  indispensable  article  of  commerce.  Thus 
workers  in  pure  science  are  ever  placing  fresh  resources  within 
the  reach  of  those  who  labour  to  apply  the  results  of  scientific 
research  to  the  uses  of  man. 


( 11  ) 


THE  MANUFACTUKK  OF  IRON  IN  ITS  RELATIONS 
WITH  AGRICULTUKK 


By  Sib  L  LDWTHIAN  BELL,  Bart.,  KE.a 


I  AM  not  going  to  speak  tliis  morning  of  the  important  service 
rendered  by  iron  to  agriculture^  even  when  our  corn  was  threshed 
with  the  flail,  and  when  our  land  was  ploughed  by  an  implement 
formed  chieHy  of  wood.  Neither  am  I  going  to  claim,  from  the 
farmer,  an  acknowledgment  for  onr  having  furnished  clieap 
materials,  out  of  which  the  mechanical  engineer  has  constructed 
a  variety  of  labour-saving  instruments  for  his  use.  The  link 
which  connects  us  with  our  foud-prodocers,  and  upon  which  I 
am  about  to  occupy  a  portion  of  your  time  this  morning,  belongs 
bo  chemical,  and  only  incidentally  to  mechnnical,  science. 

As  is  well  understood,  failure  would  attend  any  attempt  to  pro- 
duce a  crop  from  the  moistened  mineral  matter  which  enters  into 
the  compoailion  of  the  soil.  For  the  purposes  of  fertility  the  pre- 
sence of  organic  matter  is  necessary,  the  main  object  of  which  is 
to  assist  in  the  assimilation  of  the  earthy  substances  which  enter 
into  the  composition  of  what  is  known  as  the  ashes  of  the  plant. 
These  are  small  in  quantity,  but  are  indispensable  for  the  exist- 
ence of  vegetable  life. 

Not  the  least  remarkable  phenomenon  in  connection  with  the 
production  of  what  may  be  regarded  as  the  origin  of  all  food  is 
the  enormous  area  from  which  plants  have  to  gather  their 
nutrition  and,  therefore,  their  substance.  Towards  this  the  soil 
contributes  little  or  nothing,  and  it  is  from  our  vast  atmosphere 
itself  that  all  the  carbon  which  enters,  to  the  extent  of  35  to  50 
per  cent,,  into  most  vegetable  matter,  is  derived.  This  element, 
in  the  form  of  carbonic  acid  gas,  is  found  in  tlie  air  we  breathe 
to  the  extent  of  only  i  volumes  in  10,000,  equal  therefore  to 
about  'OIG  of  carbon  for  every  100  parts  by  weight  of  air.  Not- 
withstanding this  mere  trace,  it  has  been  estimated  that  in  our 
atmosphere  there  is  stored  up  more  carbon  than  is  contained 
collectively  in  the  earth's  surface  in  the  solid  form,  in  the  bodies 
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is  conveiled  into  water,  leaving  the  combined  nitrogen  to  escape 
as  such,  with  the  formation  of  little  or  no  ammonia.  If,  how- 
ever, the  coal  is  heated  in  a  closed  vessel,  air  being  excluded, 
the  volatile  carbon  and  its  associated  hydrogen  chiefly  pass  oif,  as 
tarry  matter,  and  the  nitrogen,  taking  up  hydrogen,  is  carried  over 
in  the  form  of  the  precious  ammoniacal  alkali  so  much  wanted. 

Coal,  however,  up  to  the  earlier  pait  of  the  present  century 
was  rarely  submitted  to  the  distillatory  process  just  referred  to. 
After  tin's  it  occurred  to  Mr.  Murdoch,  exactly  a  hundred  years 
ago,  to  light  his  house  by  gas  so  obtained.  The  discovery,  how- 
ever, made  such  slow  progress  that  when  I  went  to  Paris  thirty* 
five  years  after  Murdoch's  application  of  coal-gas  for  illuminating 
purposes,  the  Rue  de  Rivoli  was^  I  believe,  the  only  street  lighted  by 
its  means.  At  the  present  day  not  less  than  seven  millions  of  tons 
of  coal  are  annually  used  in  the  public  gas-works  of  the  United 
Kingdom  alone.  During  the  process  of  distilling  gas  a  consider- 
able quantity  of  tarry  substances  comes  over,  and  along  with  it 
a  certain  amount  of  watery  matter.  The  former,  known  as  coal- 
tar,  for  many  years  in  my  life  was  burnt  or  run  away,  and  all 
the  watery  portion,  containing  the  nitrogen  in  the  form  of 
ammonia,  found  its  way  also  into  the  drains  which  led  to  the 
livers.  Chemistry  afterwards  opened  out  extensive  fields  for  the 
utilisation  of  this  liquid  tarry  hydrocarbon,  and  the  ammonia  for 
some  years  past  has  been  converted  into  sulphate,  and  handed 
over  to  the  husbandman  as  a  source  of  nitrogen  for  his  growing 
crops.  If  all  the  coal  treated  in  our  gasworks  were  made  to  yield 
its  ammonia,  more  than  60,000  tons  of  the  sulphate  must  be 
produced^  worth,  at  less  than  half  its  former  price,  about 
£600,000  a  year.  To  this  sum  has  to  be  added  the  tar,  of  which 
I  shall  speak  hereafter, 

I  suppose  we  are  within  the  mark  in  saying  that  more  than 
fifteen  million  tons  of  coal  are  annually  coked  for  the  use  of 
our  ironworks.  The  whole  of  this  is  effected  in  ovens  where  the 
gas  is  burnt  under  conditions  which  preclude  the  possibility  of 
any  tar  or  ammonia  being  rendered  available.  My  firm  were 
early  adventurers  in  tlte  field  for  avoiding  this  terrible  waste 
in  this  country.  The  coal  was  placed  in  ovens,  which  were 
virtually  retorts ;  the  gas  evolved  during  the  process  was  passed 
through  a  series  of  condensers,  which  intercepted  the  tar  and 
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ammoniacal  solution,  and  the  gaseous  hydrocarbons,  thus  purified, 
were  used  for  heating  the  ovens.  Coke  so  made,  however,  was 
found  less  suitable  for  blast-furnace  work  than  that  obtained  by 
irect  application  of  heat  to  the  surface  of  tlie  coal,  and  the  plan, 
our  disappointment  and  regret,  was  abandoned.  Thus  an 
annual  loss  of  sulphate  of  ammonia  is  incurred  worth  consider- 
ably above  a  million  sterling.  From  both  these  sources  of 
ammonia — ^gasworks  and  occasionally  coke-ovens — 9000  to  10,000 
cubic  feet  of  gas  per  ton  of  coal  is  obtained,  and  a  quantity  of 
sulphate  represented  by  something  under  5  lb.  of  ammoniacal  gas. 
Of  the  pig-iron  produced  in  Great  Britain,  about  one  million 
tons  are  obtained  by  the  use  of  raw  coal,  of  which  about  2  tons 
are  required  per  ton  of  metal,  capable  of  furnishing  about 
17,000  tons  annually  of  sulphate  of  ammonia.  The  success 
which  had  attended  the  extraction  of  ammonia  from  the  gas 
made  for  illuminating  purposes  led  the  Scotch  ironmasters 
to  consider  the  feasibility  of  applying  condensers  to  the 
gases  as  tViey  leave  their  blast-furnaces.  In  the  blast-furnace, 
however,  not  only  are  the  10.000  cubic  feet  of  hydrocarbons  to 
be  gasified,  but  all  the  fixed  carbon,  save  the  small  quantity 
which  enters  into  combination  with  the  iron,  escapes  as  car- 
bonic oxide  or  carbonic  acid.  In  addition  to  this,  we  have  the 
carbonic  acid  of  the  tliix,  and  the  nitrogen  of  the  blast,  which  more 
than  doubles  the  volume  of  the  gases,  so  that  the  ammoniacal 
gas  rarely  exceeds  imr  of  the  total,  and  is  generally  considerably 
less  even  than  this.  The  lowest  consumption  of  raw  bituminous 
coal  per  ton  of  iron  made,  I  have  ever  heard  of,  is  a  triHe  above 
31  cwt.,  but  it  often  exceeds  the  40  cwts.  named.  According  to 
analysis,  the  blast-furnace  gases  using  the  lesser  weight  of  fuel 
had  the  following  composition  : — 


VoluiEusiriG. 

By  weight 

Carbonic  add 
Oarbooic  oxide    . 
Marsh -ga-"^ 
HydrogeQ    . 
Arannniia    . 
Nitrogen     . 
Water 

Total  - 

8-61 

28-06 

4-37 

6*46 

0-13 

53-38 

100-00 

18Da=    8*58  0.1 

27^2  =  11-62 
2-41  =r    0-96 

0-38        

008       16-14 

51-69 
6.34                     1 

Total    lOOlK) 

16  THE  MANUFACTURE  OF  IRON  IN 

Thus  one  volume  of  ammonia  was  accompanied  bj  769 
volumes,  or  1250  parts  by  weight,  of  other  gases.  It  is  esti- 
mated that  each  ton  of  coal  burnt  in  the  furnace  is  accompanied 
bj  the  generation  of  about  90,000  cubic  feet  of  gas,  and  that  it 
yields  4*38  lb.  of  ammoniacal  gas.  Under  such  circumstances  it 
is  quite  obvious  that  the  condensation  of  so  small  a  quantity  of 
this  gaseous  alkali  becomes  a  very  difficult  problem,  as  compared 
with  operations  where  the  same  quantity  has  to  be  extracted  from 
something  like  one-tenth  of  this  enormous  volume  of  gas. 

Although  Mr.  Aitkin  had  called  attention  to  the  subject,  Messrs. 
Baird  &  Co.  were,  I  believe,  the  first  to  enter  into  this  new 
field  of  research,  and  at  an  early  period  of  their  progress 
I  was  permitted,  by  this  historical  house  in  the  Scotch  iron 
trade,  to  examine  the  stupendous  apparatus  they  had  erected 
at  Gartsherrie  for  preventing  the  loss  of  the  valuable  alkaline 
gas,  which  up  to  that  time  had  been  wasted.  The  example  of 
Messrs.  Baird  has  been  followed  by  other  firms,  so  that  at  the 
present  moment  almost  every  furnace  in  Scotland  now  in  work 
is  provided  with  the  necessary  appliances  fpr  the  recovery  of 
ammonia  and  its  conversion  into  sulphate.  Among  the  latest  of 
these  adventurers  are  my  other  friends  Messrs.  Merry  &  Cuning- 
hame,  by  whom,  and  by  the  constructors  of  their  plant,  I  have 
been  supplied  with  the  fullest  particulars  of  the  process  as  it  is 
followed  at  the  Carnbroe  Works. 

We  will  now  proceed  to  examine  the  nature  of  the  establish- 
ment by  which  this  remarkable  result  is  obtained,  effected  as  it 
is  with  almost  the  completeness  of  a  laboratory  experiment,  in 
apparatus  designed  and  erected  by  Messrs.  II.  &  J.  Dempster. 
The  plant  used  in  the  Dempster  mode  of  obtaining  products 
from  the  blast-furnace  gases  at  Carnbroe  consists  primarily  of 
dust- boxes,  condensers,  exhausters,  washers,  scrubbers,  and 
separators,  along  with  the  tar  and  ammonia  plants  for  working 
up  the  recovered  tar  and  the  so-called  ammoniacal  liquor.  The 
gas  is  taken  from  the  furnaces  into  the  main  gas-tube  in  ordinary 
use  from  close-topped  furnaces ;  it  then  enters  the  dust-boxes, 
where  the  dust,  carried  over  in  suspension  or  vapourised  with 
the  gases,  is  intercepted  with  some  80  per  cent,  of  the  associated 
tar.  The  dust  is  deposited  in  the  first  or  inlet  partition,  and  is 
run  out  with  the  tar  into  a  small  settling  tank,  where  the  sedi- 
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ment  is  lodged,  the  tar  beiag  allowed  to  run  into  the  store- 
tank  along  with  that  portion  recovered  in  the  other  sectiona 
of  the  dust-box.  The  gas,  on  leaving  the  dust-boxes,  enters  the 
condensers,  which,  like  all  the  other  parts  of  the  gas-plant,  are 
iu  duplicate,  and  are  arranged  with  valves,  bo  that,  in  case  of  any 
part  getting  out  of  order,  it  can  be  shut  off  without  interfering 
with  the  other  portions  of  the  apparatus.  Each  set  of  condensers 
consists  of  144  wroughfc-iron  tubes,  20  inches  internal  diameter  by 
55  feet  high,  the  whole  being  supported  on  cast-iron  boxes,  which 
are  arranged  with  partitions  for  giving  tlie  gas  the  full  travel  of 
the  condensers.  The  total  length  of  piping  thus  in  use  is  about 
three  miles,  having  an  external  area  of  about  48,000  superficial  feet. 
The  condensed  tar  and  amraoniacal  liquor  are  taken  off  by  trapped 
overflows,  and  conveyed  from  these  into  a  separator,  and  theuce 
into  the  respective  tar  and  liquor  store-tanks.  The  temperature 
of  the  gas  on  entering  the  condensers  averaged  130'  Fahr.,  and 
on  leaving  60**  Fahr.  This  may  appear  very  cool  to  those  who 
are  accustomed  to  the  use  of  furnaces  fed  with  coke  instead  of 
raw  coals,  the  greater  reduction  of  temperature  being  of  course 
due  to  the  absorption  of  heat  in  gasifying  the  volatile  portions  of 
the  raw  coal.  The  tubes,  it  should  be  stated,  are  cooled  exter- 
nally by  an  arrangement  of  water-sprays  fixed  near  tlieir  upper 
extremities. 

After  leaving  the  condensers  the  gas  passes  through  the  ex- 
hausters, which  are  of  the  reciprocating  type,  and  are  so  arranged 
that  the  gas-cylinders  and  all  the  gas-connections  are  placed 
outside  the  exhauster-bouse,  in  order  to  avoid  risks  in  case  of 
leaky  connections.  Thus  all  danger  arising  from  the  explosion 
of  any  accumulatiun  of  gas  in  the  engine-house  itself  is  avoided. 
Each  exhauster  is  composed  of  two  steam-cylinders  and  four  gas- 
cylinders,  and  is  capable  of  passing  550  cubic  feet  of  gas  per 
revolution.  The  design  of  the  exhausters  is  such  as  to  draw  off 
the  gas  in  a  very  steady  manner,  the  pistons  working  at  one- 
quarter  centre.  The  engines  are  regulated  by  gas-governors, 
worked  by  the  pressure  of  gas  in  the  main  gas- tube*  The 
gas  13  next  forced  into  the  washers,  which  consist  of  four 
cast-iron  boxes  sealed  with  the  ammoniacal  liquor  itself.  The 
gas  enters  iu  the  centre  of  each  washer,  and  after  being  washed 
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by  meeting  the  water-spray  caused  by  the  gas  being  broken  up 
by  perforated  plates,  reaches  the  outlets,  which  are  on  each  side 
of  the  washers.  The  washers  are  sealed  with  the  liquor  that 
comes  from  the  scrubbers,  which  constitutes  the  next  element  of 
the  apparatus,  and  the  overflow  liquor  or  seal  of  the  washers  is 
regulated  by  patent  slide-valves.  The  overflow  liquor  from  the 
washers  is  carried  to  a  separator  which  works  exactly  opposite 
to  the  separator  for  dividing  the  tar  and  liquor  from  the  con- 
denser-boxes, the  tar  being  of  less  specific  gravity  than  the 
liquor.  After  leaving  the  separator,  the  tar  and  liquor  flow  to 
their  respective  store-tanks.  The  gas,  after  quitting  the  washers, 
then  passes  forward  into  the  scrubbers,  which  consist  of  three 
towers,  each  120  feet  by  18  feet  in  diameter.  These  towers  are 
filled  with  thin  boards,  about  7  inches  wide,  set  on  edge,  each 
tier  of  boards  being  at  right  angles  to  those  adjoining  it  The 
gas  enters  No.  1  scrubber  at  the  bottom,  and  in  travelling  to  the 
outlet  at  its  top  meets  the  liquor  which  is  pumped  from  the  tank 
to  the  so-called  distributor,  which  revolves  in  the  inside  of  the 
top  of  the  scrubber,  causing  the  whole  area  of  scrubber  to  be 
equally  wetted,  and  thus  presenting  a  very  large  scrubbing  sur- 
face for  the  gas  to  travel  over.  The  gas  then  leaves  No.  1 
scrubber  and  is  conveyed  to  the  bottom  of  No.  2  scrubber, 
where  it  undergoes  a  similar  treatment  as  in  No.  1,  and  then 
passes  on  to  No.  3  scrubber,  which  is  also  filled  with  boards  still 
more  closely  packed  than  Nos.  1  and  2,  and  in  this  tower  fresh 
clean  water  is  used,  for  arresting  the  last  traces  of  ammonia. 

Suitable  water-valves  are  attached  to  each  scrubber  to  enable 
the  gas  to  be  shut  off'  from  any  of  the  lot,  and  to  allow  the  others 
to  be  kept  at  work.  The  scrubbers  are  also  provided  with  relief- 
valves,  and,  as  in  other  parts  of  the  plant,  there  are  suitable 
manholes  for  cleaning,  &c.  The  washed  gas,  thus  deprived  of  its 
ammonia,  is  then  conveyed  to  the  hot-air  stoves  and  boilers  at  the 
ironworks,  and  used  in  the  ordinary  way  as  fuel.  The  yield  of 
raw  products  has  averaged  120  gallons  of  ammoniacal  liquor,  of  2 
degrees  of  Twaddell's  hydrometer,  and  25  gallons  of  tar,  per  ton 
of  coal  used  in  the  furnaces. 

The  ammoniacal  gas  is  driven  off  from  the  liquor  by  means 
of   steam    in    continuous  aninionia-stills,   lime  lacing  introiluced 
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into  the  bottom  compartment  of  the  stills  to  remove  any 
fixed  ammonia,  should  this  be  present  in  sufficient  quantity  to 
pay  for  recovery.  The  steam  required  is  obtained  by  blast- 
furnace gas  which  has  passed  throu^'h  the  condensing  apparatus. 
The  ammoniacal  gas  from  the  stills  is  then  passed  into  saturators 
containiDg  sulphuric  acid,  where  the  sulphate  of  ammonia  is  de- 
posited, which  is  then  placed  on  draining  tables,  and  afterwards 
transferred  to  the  sulphate  store-house.  The  tar  is  treated  in 
eight  vertical  tar-stills,  each  of  which  is  capable  of  holding  7000 


gallons. 


The  stills  are  furnished   with  con(teii5iiig  worms  and 


tanks,  and  oil-receivers.  The  oil  is  taken  from  the  receivers  into 
the  store- boilers,  and  then  blown  l*y  compressed  air  into  store-tanks* 
The  pitch  left  in  the  stills  at  tlie  end  of  each  distillation  is  run 
out  into  the  pitch  cooler  on  leaving  the  stills,  and  is  then  put 
into  receptacles  for  storing  it.  Inasmuch  as  a  portion,  probably 
a  considerable  portion,  of  the  tar  is  distilled  at  a  much  lower 
temperature  in  the  blast-furnace  than  when  the  operation  is  con- 
ducted in  a  gas-retort  or  in  a  coke-oven  adapted  for  the  purpose, 
we  may  be  prepared  to  hear  that  the  products  diffir  in  their 
properties  from  those  obtained  in  the  production  oE  illuminating 
gas  or  coke.  Accordingly,  it  has  been  found  that  the  tar  is 
unsuitable  for  the  production  of  auiline,  or  other  tar  colours. 
It  has.  however,  been  ascertained  that  by  passing  the  blast- 
furnace tar  over  red-hot  coke,  benzol  ami  aotbracene  have  been 
obtained.  It  is  therefore  not  unlikely  that  future  researches 
may  confer  a  higher  value  on  tliat  substance  than  it  now 
possesses. 

By  the  courtesy  of  the  Carubroe  Chemical  Compauy,  I  am 
enabled  to  place  before  the  meeting'  the  results  obtained  at 
Messrs.  MeiTy  &  Cuninghame's  ironworks  over  a  period  of  three 
weeks,  In  this  time  three  of  their  furnaces  were  being 
blown  during  a  fortnight,  and  four  during  the  third  week,  equal, 
therefore,  to  three  aud  one-third  furnaces  for  the  whole  time. 
The  weight  of  coal  consumed  was  5841  tons,  which  gave  the 
following  quantities  of  the  three  products : — 
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Tons    Cwt, 

Sulphate  of  ammonia     48        8  sold  at  £10  1  Ob.  =  £508  4  0 

Pitch    ...        361        0  „            218.   =  879  1  0 

Oil        .        .        .    33,750  gallons  IJd.  =  210  18  9 


£1,098      3    9 
Paid  : — Wages,  sulphuric  acid,  management,  railway 

dues,  and  allowance  for  depreciation  of  plant  379     12    3 

Balance,  Profit  and        .        .        .     £718     11     6 
Interest  on  plant  =  2s.  5id.  per  ton  of  coaL 

If,  as  is  proper,  we  regard  the  addition  of  sulphate  of  ammonia 
hitherto  wasted,  in  a  national  point  of  view,  we  are  entitled  to 
credit  the  processes  hy  which  this  is  achieved  with  the  difference 
between  its  present  and  its  former  price.  This,  upon  the  quantity 
dealt  with  in  the  statement  of  account  just  rendered,  means  a 
gain  of  about  £250. 

The  propriety  has  been  suggested  of  using  coal  generally  in 
the  form  of  gas,  obtained  by  preliminary  treatment  in  a  Siemens 
producer.  By  such  a  mode  of  procedure  the  ammonia  capable  of 
being  afforded  by  bituminous  coal  could  be  collected.  To  effect 
this,  however,  the  gases  would  have  to  be  cooled  down  in  the 
manner  described,  which  would  involve  a  sacrifice  of  about  30 
per  cent,  of  the  heating  power  of  the  fuel  used.  With  cheap 
coal  and  a  higher  price  for  the  ammonia  salt,  there  does  not 
appear  any  reason  to  doubt  the  practicability  of  such  a  system, 
but  as  matters  now  stand  its  advantages  as  a  lucrative  under- 
taking, in  many  cases,  appear  to  be  doubtful. 

Two  hundred  and  twenty-three  years  ago,  Brandt,  a  Hamburg 
alchemist,  while  engaged  in  searching  for  a  body  capable  of 
converting  silver  into  gold,  discovered  phosphorus.  After  the 
lapse  of  two  hundred  years  this  element  has  had  an  indifferent 
reputation  among  iron-makers,  owing  to  its  tendency,  in  their 
experience,  to  reverse  the  order  of  the  transmutation  in  the  two 
metals  to  which  Brandt  hoped  to  apply  it.  Low,  however,  as 
phosphorus  stood  in  the  estimation  of  the  ironmaster,  something 
like  3  to  4  lb.  are  indispensable  for  building  up  and  maintaining 
the  life  of  every  full-grown  human  being.  Although  of  very 
frequent,  we  may  even  say  of  universal,  occurrence  in  the  crust 
of  the  earth,  when  compared  with  the  enormous  masses  of 
silicious,  aluminous,  and  calcic  minerals,  which  abound  every- 
where,   phosphorus   cannot  be   otherwise    regariled   than  as    an 
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extremely  rare  substance.  It  is,  moreover,  lield  firmly  united,  as 
phosphoric  acid,  with  certain  earths,  of  wliich  lime  is  probably 
the  chief.  From  the  minerals  which  contain  phosphorus  it  is 
transferred  by  the  disintegration  of  its  matrix  to  the  alluvial 
deposits,  in  which,  however,  as  soil  it  exists  in  very  minute 
quantities. 

In  followin;^  what  may  be  regarded  as  the  concentration  of 
a  substance  so  sparini;ly  distributed  us  that  in  questiun,  let  us 
imagine  a  period  in  the  earth's  history  when  the  uppermost 
of  the  sedimentary  but  non-fosiitiferous  rocks  constituted  the 
uppermost  series  of  the  surface  of  tlie  globe.  By  very  slow 
degrees,  by  chemical  action,  in  which  atmospheric  carbonic  acid 
probably  played  an  important  role,  minute  traces  of  phosphoric 
acid  as  earthy  pliosphates  were  possibly  transferred  to  the  alluvial 
deposits  which  overlaid  the  actual  rock  Upon  this  a  low  type 
gOf  plants— how  created  we  know  not-^established  itself.  By 
le  decay  of  this  vegetable  coverings  carbonic  and  organic  acids 
were  generated,  which  would  tend  to  accelerate  the  assimilation 
of  earthy  phosphate,  and  thus  prepare  the  soil  for  growing  a 
higher  order  of  plants,  lltimately  a  vegetation  richer  again  in 
phosphoric  acid  would  take  the  place  of  less  perfect  forma,  and 
by  an  increase  in  nitrogen,  derived  from  atmospheric  ammonia, 
suitable  food  for  supporting  a  low  order  of  animal  life  was 
brought  into  existence.  By  a  continuance  of  this  evolutionj  the 
surface  of  the  earth  became  endowed  witli  the  power  of  sustain* 
ing  life  as  we  know  it  to  exist  in  the  highest  orders  of  animated 
beings.  At  the  same  time  fresh  sedimentary  rocks  were  covering 
up  the  earlier*  formed  n  on- fossil  if  erous  strata.  It  seems  not 
improbable  that>  while  these  geological  changes  were  in  progress, 
chemical  action  resembling  that  which  led  to  an  accumulation  of 
phosphoric  acid  appears  to  have  been  concerned  in  the  concen- 
tration and  localisation  of  oxide  of  iron,  which  probably  gave  rise 
to  the  deposits  of  iron-ores  as  we  Jind  them  at  the  present  day. 

For  convenience  of  future  reference,  I  may  remind  you  of  the 
order  of  gradual  development  of  organic  life  as  the  same  is 
indicated  by  the  remains  of  plants  and  animals  in  the  strata 
forming  the  crust  of  our  earth.  These  are  grouped  in  eight 
divisions  in  the  following  list,  bei^^inning  at  the  lowest  in  the 
series : — L  Sedimentary  pre-Sikrian  rocks,  destitute  of  any  sign 
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of  orgauic  life,  2.  Sedimentary  pre-Siluriaii  rucks,  contaitiiDg 
vegetable  remains.  3.  Silurian  rocks,  tirst  appearance  of  inver- 
tebrates. 4.  Devoniau  formation,  contttiiiing  fish,  5.  Carboni- 
ferous age,  rich  in  vegetable  and  animal  remains.  6.  Itocks 
of  the  Triassic,  Jurassic,  and  Cretaceoua  periods  constituting  the 
Tieptilian  age,  7.  The  Tertiary  or  Mammalian  age.  8.  The  age 
of  man,  of  whom  practically  no  fossil  remains  are  found, 

I  presume  that  qneations  of  temperature,  and  therefore  of 
climate,  may  have  delayed  the  appearance  of  the  human  race  on 
the  face  of  oor  globe.  <3n  the  other  hand,  possibly  the  quantity 
I  of  readily -available  phosphorus  required  for  the  higher  orgauisa- 
I  *  tion  of  man  may  have  been  a  factor  in  determining  the  period 
I  of  his  taking  his  place  among  what  is  generally  known  as 
I  creation.  I  am  induce  J  to  offer  this  remark  because  tlie  age 
r  and  composition  of  our  ores  of  iron  seem  to  constitute  a  key  to 
^H  the  gradual  increase  of  phosphorus  in  the  later  periods  of  the 
^0  «*ii^th's  transformations.  It  is,  1  believe,  generally  supposed  that 
carbonic  or  other  acids,  by  their  known  action  on  oxide  of  iron, 
have  been  the  means  of  gathering  up,  as  it  were,  the  sparin^jly- 
disseminated  quantities  of  this  metal  found  in  the  soil  Such  an 
opinion  is  probably  founded  ou  the  fact  that  this  is  a  process 
which  is  in  operation  at  the  present  day.  Iron  is  known  to  be 
80  dissolved,  but  un  coming  under  atmospheric  influence,  the 
metal  is  peroxidised  and  carried  forward  into  lakes,  where  it  is 
collected  in  certain  localities  in  Sweden,  and  used  as  an  ore  in  the 
blast-furnaces  of  that  country.  We  have,  also,  accumulations  of 
oxide  of  iron,  known  as  bog  iron-ore,  which  have  unquestionably 

P~  been  formed  by  the  agency  just  referred  to.  Besides  tins  proof 
of  the  agency  of  carbonic  acid  in  concentratLUg  iron,  we  have  the 
fact  that  carbonate  of  iron  is  a  frequent  state  of  combination  in 
which  the  metal  is  found  in  its  ore,  and  when  it,  by  the  agency 
of  the  atmosphere,  has  been  converted  into  oxide,  nuclei  of  un- 
changed carbonate  are  of  frequent  occurrence. 

There  are  to  be  found  in  different  localities — Eisenerz,  in 
Styria,  being  one  of  tlie  most  remarkable — deposits  of  spathose 
iron-ore,  so  called  from  its  crystallised  or  semi-ciystallised 
structure,       Tliis    is   carbonate    of   iron,    containing    but   small 

I  quantities  of  earthy  admixtui  e.  Its  colour  is  pure  white  when 
it  has  not  been  affected  by  exposure  to  the  air ;  at  other  times 
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Protoxide  of  iron 

43-84 

4y-47 

4&'77 

1077 

Sesquinxidr  of  irnii    , 

082 

0-Sl 

41*  f.  7 

73-08 

Protoxide  of  inanpannfer     . 

12«4 

2^42 

1-93 

306 

fi-00 

Earthy  matter,  &t\ 

a-«6 

10-40 

9-99 

13*66 

7-57 

Carbonic  acid     . 

33'86 

3771 

37-20 

14-49 

0-13 

Phosphoric  ucid 

Trace 

Trace 

0*01 

0-22 

Water                 . 

o-is 

... 

0-30 

8-44 

12*40 

100-00   10*000   lOO'OO   100-00   100-00 


it  is  highly  coloured  from  havin":  been  chanfred  to  peroxide,  with 
loss  of  more  or  less  of  its  carbonic  acid.  Tiie  folio  win  fj  analyses, 
taken  from  the  work  of  our  former  president,  Dr.  Percy,  exhibit 

I  the  nature  of  tins  change : — - 
Whether  the  minute  quantities  of  phosphoric  acid  present  in 
these  speciinetjs  were  due  to  the  absence  of  this  body  in  the 
strata,  or  to  the  inability  of  carbonic  acid,  under  the  circum- 
stances which  obtained  at  the  period  when  tlie  iron  was  dis- 
Isolvin;^',  to  carry  away  phosphate,  it  wguld  lie  difticnlt  to  say. 
One  thing,  however,  seems  pretty  clearly  established — viz.,  that 
the  ores  of  iron  found  so  abundantly  in  the  uldt-T  rocks  are, 
compared  with  those  of  more  recent  origin,  singularly  deficient 
in  phosphoric  compounds.  The  Labour  Commissioner  of  the 
United  States  gives  certain  particulars  respecting  some  100 
specimens  of  ore.  Of  these,  thirty-five  average  G5*43  per  cent. 
of  metallic  iron,  which,  if  all  were  *peroxidised,  leaves  only  C'53 
per  cent,  of  foreign  matter.     If  all  these  were  the  produce  ol  the 

iLake  Superior  mines — and  most  of  them  doubtless  are  so — we 
may,  from  the  hardness  of  the  oldtr  rocks  in  which  they  occur, 
expect  only  a  small  admixture  of  earthy  contamination.  These 
ores,  therefore,  belong  to  strata  of   the   Silurian  age,   a   period 

■  when  phosphoric  acid  had  not  become  concentrated  to  the 
extent  in  which  it  is  found  in  more  recent  geoIo;,'ical  horizons. 
Accordingly,   we  have   only  0061    per   cent,   of  phosphorus   in 

I  these  thirty- five  cases.  The  next  group  of  ten  varieties  of  ore 
gives  an  average  of  57"8  per  cent,  of  iron,  and  therefore  17'43 
per  cent,  of  earths,  and  0'222  of  phosphorus.  We  then  come  to 
twenty- sbc  specimens  of  much  more  recent  origin,  and  containing 
only  45'61  per  cent,  of  iron,  3415  of  earths,  and  0339  per  cent. 
of  phosphoric  acid.  I..astly,  there  are  seven  examples,  chiefly  of 
the  coal  formation,  with  35'46  of  iron,  3546  of  earths  (49*37 
inclusive  of  carbonic  acid)  and  0*474  per  cent  of  phosphoric  acid. 
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In  order  to  extend  the  field  of  observation,  I  have  taken  out  of 
a  list  of  analyses,  also  in  Percy's  work  on  iron  and  steel,  the 
following  English  examples,  which  I  have  placed  according  to 
their  geological  sequence,  beginning  with  the  oldest 


Quality  of  the  Ore. 


Red  hsematite  . 

South  Wales  . 
West  Yorkshire 
South  StaflFordshirt!  . 

Derbyshire 
M(«t    likely    North 
I       Yorkshire     . 


Geological  Position. 


Probably  moun- 
tain limestone 
Coal  formation 
Coal  formation 
Coal  formation, 
ordinary  run 
Coal  formation 

Lias 


Number  of 
Exsmples. 


Six 
Ten 
Six 

Ten 
Nine 

Three 


Average. 

Phosphoric 

Acid. 


Arerag'*. 
Iron. 


Per  Cent.        Per  Cent,    i 


Trace 
0-151 
0189 

0-201 
0-204 

0-542 


6489  I 

28-42 

32-08 

I 

37-82  I 

2915  1 

38-95  I 


In  thus  tabulating  the  ores  of  iron  to  show  a  possibility  of 
their  content  of  phosphorus  having  increased  as  the  concentration 
of  this  element  by  vegetation  progressed,  I  would  not  be  under- 
stood as  maintaining  that  there  are  not  exceptions  to  such  a  sup- 
posed law.  On  the  contrary,  I  am  fully  aware  that  exceptions  are 
to  be  found  to  its  operations,  one,  indeed,  appearing  in  the  table 
of  examples  just  inserted.  In  it,  among  British  ores  at  the  head 
of  the  list,  in  comparative  freedom  from  phosphorus,  stands  red 
hematite,  found  so  abundantly  in  a  formation  so  recent  as  the  car- 
boniferous limestone,  and  in  tlie  adjoining  rocks.  It  would,  indeed, 
have  been  remarkable  if,  during  the  extraordinary  convulsions 
which  accompanied  the  changes  in  the  course  of  the  transition  of 
our  planet  from  a  probable  state  of  vapour  to  that  of  the  solid 
rocks  as  we  now  find  it,  there  had  not  been  many  exceptions  to 
any  particular  sequence  of  events. 

I  have  hitherto  only  spoken  of  the  implied  presence  of  water 
as  the  agent  in  the  deposition  of  the  sedimentary  rocks.  If,  how- 
ever, it  were  suggested  that  all  the  various  constituents  forming 
the  crust  of  the  earth  existed  at  any  particular  time  in  a  state  of 
fusion,  they  would  have  constituted  a  homogeneous  mass,  some- 
what resembling  basaltic  rock  in  appearance  and  composition. 
Under  such  circumstances,  it  would  be  difficult  to  conceive  how 
any  one  of  them  could  be  found,  as  is  the  case,  almost  chemically 
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free  from  any  foreign  admixture.  As  an  example,  I  have  known 
quartzite  to  consist  of  99-75  of  silica,  and  some  of  our  mountains 
of  limestone  are  nearly  pure  carbonate  of  lime. 

If  at  any  time  the  temperature  of  the  solidifyin^f  mass  of  the 
globe  resembled  that  of  the  sun,  there  is  reason  for  believing 
that  the  elements  composing  our  earth  would  have  existed  in  an 
nncombined  condition.  In  time,  as  they  lost  heat,  combination 
would  take  place,  and  that  in  the  order  of  the  elevation  of  the 
temperature  required  for  their  dissociation,  the  remainder  being 
still  kept  apart  In  tliis  way  there  mii;ht,  in  certain  localities, 
be  large  accumulations  of  silica;  in  others  of  lime,  alumina,  or 
magnesia;  while  in  others,  again,  a  mixture  of  two  or  more  might 
be  effected,  Aloug  with  these,  at  different  periods,  there  might  be 
disseminated  or  not,  the  minerals  of  mrer  occurrencej  such  as  the 
metals  or  their  compounds,  pliosphorus,  sulphur,  &c.  Upon 
these,  water  formed  from  its  vapour  would  descend,  and,  occa- 
sionally, one  or  other  of  the  four  preponderating  earths  might  be 
deposited,  as  we  now  find  them,  in  a  state  of  almost  absolute 
purity. 

There  is  another  alternative.  Our  blast-furnaces,  I  conceive, 
are  actually  capable  of  subliming  earthy  matter,  because  I  find 
that  the  white  smoke  which  escapes  from  the  throat  differs 
essentially  in  composition  from  the  minerals  which  enter  the 
furnace.  By  this  I  mean  that  the  difference  consists  in  the 
relation  which  the  component  parts  bear  to  each  other  in  point 
of  quantity.  I  infer,  therefore,  that  the  vapourising  points,  as 
might  be  looked  for,  differ  considerably  in  the  temperature  at 
which  they  take  place,  and  these  differences  might  regulate  the 
order  of  the  separation  and  deposition  of  the  various  bodies  as 
they  now  exist. 

By  the  time  we  arrive  at  the  period  when  the  coal-bearing 
strata  were  deposited,  it  will  be  remembered  tiiat  this  was  con- 
current with  a  great  increase  in  the  quantity  of  vegetable  and 
animal  remains  in  the  rocks  of  that  age.  If,  then,  the  chemical 
action  which  inlluenced  the  solution  of  iron  by  carbonic  and 
vegetable  acids,  effected  at  the  same  time  the  separation  of  the 
phosphates,  we  must  be  prepared  for  expecting  an  increase  of 
phosphoric  acid  in  the  iron-ore.  From  wiiatever  cause,  it  is 
quite  certain  that  the  clay  ironstones  of  the  Carboniferous  strata 
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are  so  charged  with  phosphoric  acid  that  the  pig-iron  they  pro- 
duce is  entirely  unfitted  for  the  ordinary  Bessemer  process.  It 
is  only,  however,  when  we  meet  with  iron-ore  in  the  still  more 
recently  deposited  rocks  of  the  Lias  formation,  that  we  meet 
with  the  full  measure  of  inconvenience  caused  by  the  presence 
of  phosphorus.  The  iron- mud  so  produced  and  accompanied 
by  earthy  mud,  the  result  of  the  disintegration  of  the  shales  of 
the  period,  would  be  carried  down  into  the  seas  of  that  time. 
There  the  accumulated  remains  of  organised  beings  of  marine 
origin,  which  had  derived  some  phosphorus  from  the  sea  they 
inhabited,  were  buried  in  the  mud  containing  carbonate  of  iron, 
and  so  became  part  and  parcel  of  the  ironstone  now  so  exten- 
sively worked  in  the  Cleveland  Hills.  Among  the  animals  so 
entombed  some  were  of  considerable  dimensions,  and  one  of  these 
having  been  met  with  in  one  of  the  mines  belonging  to  my  firm, 
at  the  time  I  was  engaged  in  preparing  this  paper,  I  have 
brought  two  or  three  joints  of  its  vertebral  column  for  your 
inspection.  The  skeleton  was,  unfortunately,  destroyed  by  the 
explosion  which  separated  it  from  the  ironstone  containing  it. 
Enough,  however,  was  obtained  to  show  that  it  had  belonged  to 
an  animal,  we  think  an  ichthyosaurus,  having  a  length  of  some- 
where near  14  feet 

In  order  to  convey  an  idea  of  the  volumetric  extent  to  which 
the  metalloids  enter  into  Cleveland  pig  iron,  I  constructed  a 
diagram  showing  the  relations  they  bear  to  the  metal  itself.  In 
it,  the  pure  metal  iron  is  represented  by  an  equal-sided  rec- 
tangular figure  containing  400  square  inches,  being  then  a  square 
of  20  inches.  With  this  as  a  standard  of  comparison,  the  squares 
representing  the  other  substances  would  have  the  following 
dimensions  on  a  side  : — Carbon,  7*058  inches ;  phosphorus,  470 
inches;  silicon,  4*680  inches;  sulphur,  1*54  inches.  Instead,  how- 
ever, of  forming  a  square  of  22  j^  inches,  as  it  would  have  done  had 
there  been  no  change  in  the  average  specific  gravity,  it  constitutes 
a  figure  of  21  inches  on  a  side.  Rich,  comparatively  speaking,  as 
Cleveland  ironstone  is  in  phosplioric  acid,  it  is  obvious,  although 
a  low-priced  mineral,  that  it  would  be  impracticable  to  use  it 
as  a  fertiliser  of  our  land.  When,  however,  we  submit  it  to  the 
action  of  the  blast-furnace  the  phosphorus  contained  in  3J  tons 
of  ore  passes  into  20  cwt.  of  pig-iron.     A  good  deal  more  than 
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twenty  years  ago  I  pointed  out  the  loss  our  country  was  iu- 
curring  by  allowiDn;  the  phusphorns  of  20,000  tons  of  phosphoric 
acid  to  poison  2,000,000  tons  of  pig-inm  annually,  at  the  same 
time  that  onr  ships  were  scourin'^  the  seas  in  search  of  tliat 
identical  substance  from  the  reinoti^st  parts  of  the  earth. 

We  are,  I  am  glad  to  say,  on  the  way  of  eventually  removing 
this  scandal  from  the  manufacturing  escutcheon  of  the  nation,  by 
the  introduction  of  the  basic  process.  Attempts,  soon  after  its 
discovery,  were  made  in  Germany  to  free  the  slag  into  which  the 
phosphorus  as  phosphoric  acid  passes  from  wliat  was  useless  as 
a  manure,  but  which  slag  contains  ten  times  as  much  pliosphoric 
acid  as  did  the  parent  ironstone.  It  was,  however,  speedily 
covered  that  in  the  laboratory  of  Nature  this  operation  was 
rformed  by  the  plants  requiring  phosphoric  acid,  not  with  the 
same  speed,  but  much  more  cheaply  than  it  could  be  done  in  the 
workshops  of  the  chemist. 
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DISCUSSION. 

Sir  Lo^THiAN  Bell  regretted  that,  owing  to  his  engagements 
in  connection  with  the  American  volume,  he  had  been  unable 
to  complete  the  present  paper  in  time  to  have  it  laid  before  the 
meeting  in  its  printed  form. 

The  President  said  he  was  sure  that  the  members  were 
greatly  indebted  to  Sir  Lowthian  Bell  for  his  extremely  in- 
teresting account  of  the  recovery  of  important  by-products 
attending  the  production  of  iron  and  its  conversion  into  steel 
The  paper  perhaps  did  not  afford  much  material  for  discussion, 
but  they  should  be  glad  to  hear  any  observations  upon  it, 
especially  with  reference  to  the  important  information  it  con- 
tained as  to  the  apparatus  now  at  work  on  a  large  scale  for  the 
recovery  of  ammonia,  tar,  and  oil  from  the  products  of  the  blast 
furnace.  Tliey  had  already  had  in  former  communications  some 
account  of  the  elimination  of  phosphorus  from  iron,  its  passage 
into  the  slag  in  the  basic  process,  and  the  utilisation  of  this 
slag  as  manure;  but  in  Sir  Lowthian  Bell's  paper  the  subject 
would  be  found  dealt  with  in  a  more  complete  form.  Those 
results  were  extremely  interesting  and  important.  The  ap- 
paratus, of  which  drawings  were  exhibited,  evidently  utilised 
in  a  very  complete  manner  the  principles  which  had  already 
been  applied  to  the  purification  of  coal-gas,  the  difference  in 
that  case  and  the  present  one  being  that  in  coal-gas  manufacture 
the  main  object  was  to  remove  the  least  traces  of  ammonia  and 
other  impurities,  with  a  view  to  having  the  gas  as  pure  as 
possible ;  whereas  in  the  present  case  the  primary  object  was  to 
remove  the  products  from  the  blast  furnace  gases  as  completely 
as  possible,  with  a  view  to  their  utilisation. 

Mr.  G.  J.  Snelus  said  that  the  few  words  which  he  desired  to 
say  on  the  paper  had  more  reference  to  agriculture  than  to  the 
manufacture  of  iron.  It  so  happened  that  within  the  last 
twelve  months  he  had  been  experimenting  upon  the  use  of 
sulphate  of  ammonia  in  regard  to  the  growth  of  grass ;  and 
he   thought  that  a  simple   statement   of  what  he  had   noticed 
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might  be  useful  to  some  of  the  members,  aod  would  help  to 
show  the  advantage  of  sulphate,  althou^'h,  of  course,  agricul- 
turists already  well  knew  the  value  of  that  manure*  He  had 
been  experinieuting  with  snlpliate  of  ammonia  iu  combination 
with  nitrate  of  soda.  He  had  applied  about  1  cwt.  of  sulphate 
of  ammonia,  and  3  cwt,  of  nitrate  of  soda,  per  acre  to  ;^rass 
on  a  lawn,  and  he  had  been  remarkably  struck  with  the 
enormously  rapid  growth  of  the  grass  under  such  circumstances. 
Within  a  week  of  the  application  of  the  tiiixture,  the  grass  had 
begun  to  show  a  very  vivid  green,  and  within  tinee  weeks  the 
blades  of  grass  had  lengthened  four  inches,  thus  showing  the 
valuable  effect  of  those  constituents  upon  the  growth  of  plants. 
He  now  understood  that  it  had  become  perfectly  practical  to 
apply  the  same  manure  to  fruit  trees,  and  the  cheapening  of 
those  commodities  would  be  a  very  great  advantage  to  the 
country  generally.  He  thouglit  that  great  credit  was  due  to 
the  gentlemen  who  liad  spent  so  much  time  and  money  in 
endeavouring  to  utilise  tbose  by-products.  They  were  also 
indebted  to  Sir  Lowthian  Bell  for  havincr,  notwithstanding  the 
many  other  duties  that  he  had  to  attend  to,  brought  the  matter 
before  them  in  his  interesting  paper. 

Sir  LowTHlAX  Bell  asked  how  the  grass  grew  that  had  no 
sulphate  of  ammonia  applied  to  it  I 

Mr.  Snelus  said  tliat  it  made  yevy  little  progress  ;  it  seemed 
simply  to  stand  still  In  his  first  experiment,  he  so%ved  the 
sulphate  of  ammonia  and  the  nitrate  of  soda  over  half  the  lawn. 
He  was  doubtful  whether  he  might  not  kill  the  grass,  but  the 
remarkable  effect  was  produced  of  one  lialf  the  lawn  becoming  a 
vivid  green  within  a  week,  the  other  half  being  quite  brown* 
He  then  applied  tlie  manure  to  the  second  half,  and  within 
another  week  the  whole  was  as  green  as  possible.  He  applied 
the  mixture  three  times,  at  the  rate  of  about  i  cwt.  per  acre,  and 
it  was  astonishius  to  see  the  rapid  ettect  that  was  produced. 


Sir  Lowthian  Bell  asked  if  the  experiment  paid  ? 

Mr.  Skelus  said  that  that  was  another  thing.      In  his  case  it 
had  paid  very  well. 
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Mr.  CUNINGHAME  Said  he  had  been  very  pleased  with  the  de- 
scription given  of  the  apparatus.  It  might  be  taken  as  perfect 
in  every  detail  In  regard  to  the  question  of  profits,  the  state- 
ment of  Sir  Lowthian  Bell  was  perfectly  correct  at  the  time  the 
paper  was  written ;  but,  like  other  commodities,  the  by-products 
had  their  ups  and  downs,  and  at  the  present  moment  they  were, 
like  many  other  things  in  which  they  were  interested,  on  the 
down  line.  On  the  question  of  profit  and  loss  the  results  would 
not  be  always  as  Sir  Lowthian  Bell  had  stated,  but  must  depend 
upon  the  fluctuations  of  the  market.  He  might  add  that  it  was 
generally  believed  in  the  North  that  the  fertiliser  of  the  future 
would  be  basic  phosphate  and  sulphate  of  ammonia,  the  latter  for 
its  stimulating  and  the  former  for  its  sustaining  qualities ;  so 
that  they  might  expect  in  future  that  the  by-products  of  the 
blast  furnace  would  play  an  important  part  in  the  agriculture  of 
the  country. 

The  President  proposed  a  hearty  vote  of  thanks  to  Sir  Low- 
thian Bell,  which  was  carried  by  acclamation. 


CORRESPONDENCE, 


Mr.  Henry  Simon,  who  has  erected  a  number  of  coke-oven 
plants  in  England  and  on  the  Continent,  sends  the  following  notes 
about  the  experience  of  one  such  plant  erected  at  Bilbao,  which 
has  been  at  work  for  a  considerable  period. 

Every  pound  of  coke  manufactured  in  that  establishment  is 
used  in  blast  furnaces,  whereas  in  England  the  coke  made  in 
the  ovens  erected  by  Mr.  Simon,  at  such  collieries  as  Bearpark, 
or  those  of  Messrs.  Pease  &  Partners,  although  made  from  the 
same  coal  as  that  used  at  Bilbao,  viz.,  the  best  Durham,  is  mostly 
used  for  foundry  purposes — the  prejudice  against  the  use  of  an 
even  excellent  coke,  if  not  presenting  the  silvery  surface  to  which 
the  trade  has  been  accustomed  from  the  Beehive  coke,  being  as 
yet  too  strong  in  England. 

Mr.  Simon  thinks  that  the  following  data  may  therefore  be 
of  interest,  especially  as  all  the  coke  produced  at  the  Viscaya 
works  in  Bilbao  is  made  from  Durham  coal  imported  into  Spain 
for  the  purpose. 
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At  Bilbao  there  are  1  i(i  Simou-Carvus  coke  ovens  with  recovery 
plaut  complete,  and  the  Societe  '*  La  Viscaya  "  is  working  three 
blast  faruaces  in  coiijunctiou  with  these  ovens,  the  latter  carbonis- 
ing 2600-2700  tons  of  Durham  coal  per  week,  giving-  1900  to  2000 
tons  of  good  hard  coke.  Each  furnace  is  (>6  feet  high,  one  being 
17  feet  8  inches  in  the  bosh,  and  the  other  two  19  feet  8  inches 
iu  the  bosh-  The  furnace  mouth  is  13  feet  7  inches  diameter, 
and  at  tlie  level  of  the  tuyeres  the  diameter  is  9  feet  The  wind 
pressure  is  from  10  to  lUj  inches  mercury,  and  its  temperature 
is  about  740''  C.  for  two  of  tl^e  furnaces,  and  about  900  **  C.  for 
the  other,  which  is  fitted  up  with  better  heating  stoves. 

The  cokej  as  above  mentioned,  is  made  from  Durham  coal 
(imported  from  Cornsey,  Weardale,  «itc.),  contain ing  from  7  to  8 
per  cent,  of  ash  and  about  0  5  per  cent,  of  sulphnr. 

All  qualities  of  pig,  from  No,  1  up  to  Nos.  5  and  6,  are  made 
at  the  Viscaya  works,  according  to  the  requirements  of  the  steel- 
works there. 

The  average  daily  prnduction  of  each  furnace  w^hen  making 
No.  1  pig  iron  is  105  to  110  tons;  but  when  making  this  brand, 
and  if  the  furnaces  are  in  good  order,  they  do  make  as  much  as 
115  to  120  tons  of  pig  daily. 

The  average  daily  production  when  making  No.  1  and  No.  5 
iron  is  125  to  130  tons  for  each  furnace  ;  but  if  the  furnaces  are 
in  good  order,  they  do  make  as  much  as  140,  or  even  150  tons  of 
ig  iron  daily. 

When  making  No.  1  pig,  or  extra-^silicious  No.  1  iron,  the  con* 
sumption  of  dry  coke,  deduction  being  made  for  moisture  in  the 
coke,  is  1030  to  1010  kilos  per  ton  of  iron  ;  wlien  makijig  No.  2 
or  No.  3  iron,  the  consumption  is  1020  kilos,  and  when  making 
No.  6  and  6  white  iron,  the  consumption  is  900  to  980  kilos. 

Analyses  of  the  pig  iron  made  at  the  Viscaya  works  show  the 
fallowing  results  : — * 

No.  1  pig  iron  contains — 


For  Cent. 

SiUoon 

from  2-20  to  2 "30,  and  up  to  3 

Sulpbai- 

0-015 

Phosphor 

0*03 

Manganese   . 

.     O-flOO 

Omibitied  c«irU»»  . 

.  O'liO  to  0-50 

fJrnphitc 

Ii*50  ki  4 
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Nos.  5  and  6  pig  iron  contain — 

Per  Cent. 

Silicon 070 

Sulphur 0-05  to  0-15 

Phosphor 0*08 

Manganese 07 

Combined  carbon '2|  to  3 

Graphite 0*a 

The  iron  with  0  05  per  cent,  of  sulphur  is  a  special  iron  used 
for  Martin  steel  basic  process. 

The  No.  1  iron  made  by  the  Viscaya  Company  is  always  in 
great  demand. 
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ON  AN 

APPLIANCE  FOR  AUTOGRAPHICALLY  RECORDING 
TEE  TEMPERATURE  OF  FURNACES. 


Bv  Professor  KOBERTS^AUSTEN.  C.B,»  F.R,S, 


In  these  days  of  accurate  observation,  wlieri  the  speed  of  pro- 
jectiles is  both  auto^rsLphically  recorded  and  their  actual  paths 
photographed,  it  is  remarkable  that  the  measurement  of  higli 
temperatures  has  not  kept  pace  with  the  recent  industrial  appli- 
cations of  physical  methods.  In  the  case  of  certain  chemical  aud 
metallurgical  processes,  a  variation  of  only  a  few  degrees  may,  at 
certain  stages  of  the  operations,  be  fata!  to  iheir  success,  and  even 
when  heat  is  generated  in  the  vast  interior  of  a  modern  blast- 
Famace,  the  accurate  regulation  of  the  temperature  is  of  great 
moment  The  importance,  for  instance,  of  ascertaining  by  actual 
measurement  the  relation  between  the  number  of  calories  brought 
in  by  the  blast  and  the  total  heat  engendered  by  the  combustion 
of  fuel  in  the  furnace,  will  be  evident  when  the  appropriation  of 
the  heat  of  an  80-foot  blast  furnace  during  the  production  of 
20  cwts.  of  pig  iron  from  Cleveland  ore  is  considered.  Of  the 
total  93,000  calories  which  are  employed,  nearly  12,000  calories 
are  brought  in  by  the  hot  blast,  or  more  than  double  the  number 
allotted  to  the  reduction  of  the  calcium,  silicon,  phosphorus, 
sulphur,  and  elements  other  than  iron  present  in  the  charge* 
The  influence  of  the  temperature  of  the  blast  is,  moreover,  as  is 
well  know*n,  of  great  importance  in  determining  the  composition, 
and  consequently  the  reductive  energy  of  the  gases  formed  at  the 
level  of  the  tuyers*  Hence  the  need  for  accurately  adjusting  the 
temperature  of  the  blast,  if  the  furnace  is  to  yield  its  maximum 
out-turn,  or  if  the  production  of  a  given  quality  of  iron  is  to  be 
maiiitained.  Analysis  shows  the  degree  of  purity  of  the  mass,  for 
the  application  of  chemistry  to  the  metallurgy  of  iron  has  enabled 
amounts  of  foreign  elements  in  iron  to  be  estimated  in  the  routine 
of  daily  work,  even  though  not  more  than  one  hundredth  part  be 
present.  May  it  not  be  hoped  that,  by  giving  increased  attention 
H  to  physical  methods,  it  will  be  possible  to  regulate  the  thermal 
H    conditions  which  determine  the  passage  of  elements  into  the  iron  ? 
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The  adoption  of  thermo-junctions  for  the  measurement  of  higl 
temperatures  has  been  for  some  years  advocated  by  the  author 
and  will  probably  become  widespread,  Sir  Lowthian  Bell  leading 
the  way  in  this  country  by  the  introduction  of  platinum  platinum- 
rhodium  thermo-junctions  into  the  hot-blast  mains  at  the  Clarence 
Works,  the  thermo-junctions  being  connected  with  a  central  labora- 
tory where  the  indications  they  afford  are  translated  into  degrees 
by  the  aid  of  a  suitable  galvanometer  scale. 

Various  other  methods  have,  as  is  well  known,  been  employed 
for  measuring  the  temperature  of  the  blast,  but  as  yet  a  syste- 
matic method  of  obtaining  autographic  records  of  th^  temperatures 
has  been  wanting,  and  it  would  appear  that  the  time  has  fully 
come  for  taking  a  step  in  advance.  It  was  with  much  pleasure, 
therefore, ,  that  the  author  received  a  request  from  Mr.  E.  P. 
Martin,  of  Dowlais,  that  these  Works  might  be  furnished  with 
an  appliance  which  should  faithfully  record  the  temperature  ol 
the  hot-blast  stoves.  Mr.  Martin  had  already  introduced  at  the 
new  works  at  Cardiff  a  method  for  recording  the  periods  at  which 
the  reversal  of  the  valves  was  effected,  and  he  was  thoroughly 
able  to  appreciate  the  need  for  obtaining  an  equally  trustworthy 
record  as  to  the  temperature  attained.  The  present  paper  is  the 
result  of  an  effort  to  provide  such  an  appliance  by  simplifying  a 
piece  of  apparatus,  already  described  by  the  author  to  the  members 
of  this  Institute,*  so  as  to  render  it  serviceable  for  use  in  works. 

The  original  apparatus  consisted  of  a  camera  containing  a 
reflecting  galvanometer  of  the  Depretz  and  D'Arsonval  type,  of 
about  200  ohms  resistance.  The  therm o-j  unction,  which  is,  of 
course,  external  to  the  camera,  is  connected  with  this  galvanometer, 
and  the  amplitude  of  the  deflection  of  a  spot  of  light  from  the 
mirror  affords  the  basis  in  calculating  the  temperature  to  which 
the  thermo-j  unction  has  been  raised.  An  autographic  record  of 
the  temperature  may  then  be  readily  obtained  if  the  spot  of  light 
from  the  mirror  falls  into  a  sensitised  photographic  plate  actuated 
by  an  astronomical  clock  or  by  other  suitable  mechanism.  Such 
an  appliance,  though  it  has  proved  to  be  well  adapted  for  con- 
ducting investigations,  is  not  sufficiently  simple  for  industrial 
purposes,  and  in  order  to  render  it  generally  useful  it  appeared 
that  the  following  points  had  to  be  attended  to : — 
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1st.  It  was  necessary  to  simplify  the  portion  of  the  apparatus 
which  receives  and  records  the  movement  of  the  spot  of  light ;  and 

2iid.  To  avoid  the  necessity  for  shifting  a  single  thermo-j unction 
from  furnace  to  furnace  by  placing  separate  thermo-j  unctions  in  each 
furnace,  provision  being  made  for  placing  each  centre  of  heat  in  turn, 
in  connection  with  a  single  galvanometer  and  recording  instrument 

The  first  object  has  been  attained  by  replacing  the  moving  plate 
of  the  original  apparatus  by  a  brass  cylinder,  six  inches  in  diameter, 
moved^  at  the  rate  of  a  single  revolution  in  twelve  hours,  by  clock- 
work contained  within  it.  This  cylinder  has  sensitised  paper  fixed 
round  it,  and  the  portion  of  the  camera  which  contains  it  can  be 
detached  from  the  rest  of  the  appliance  and  removed  to  the  dark 
room  for  the  development  of  the  record  imparted  to  the  paper. 

In  the  apparatus  now  submitted  to  the  members  of  the  Insti- 
tute, provision  is  made  for  placing  any  one  of  six  centres  of  heat, 
snch  as  hot-blast  stoves  or  furnaces^  in  connection  with  the  galvano- 
meter, and  for  obtaining  within  the  period  of  the  revolution  of  the 
cylinder  a  record  of  the  temperature  of  any  one  or  of  all  the  six 
sources  of  heat  The  record  of  a  number  of  furnaces  would,  how- 
ever, be  intermittent,  the  duration  of  the  test  in  any  particular  case 
being  subject  to  the  vrill  of  the  operator,  who,  by  merely  turning  a 
handle,  determines  which  particular  furnace  shall  be  placed  in  con- 
nection with  the  galvanometer,  and  the  length  of  time  wliich  shall 
be  devoted  to  its  test  This  shifting  of  the  electrical  contact 
from  furnace  to  furnace  could  readily  be  effected  by  clockwork, 
and  the  tests  would  then  be  entirely  indepetident  of  manual  ad- 
justment 

The  drawing  (p.  36)  shows  the  method  adopted  for  indicating 
which  particular  source  of  heat  is  in  connection  with  the  gal- 
vanometer. If,  for  instance,  No.  1  furnace  is  under  examination, 
light  from  the  lamp  L  passes  through  a  single  slit,  and  traces  a 
single  continuous  datum  line.  The  line  traced  by  the  light  from 
the  galvanometer  mirror  M.  is  more  or  less  removed  from  this  datum, 
and  the  position  of  any  given  point  depends  on  the  temperature  to 
which  the  thermo-j nnction  is  raised  at  the  moment  the  point  is 
photographed.  In  the  case  of,  say,  No.  4  furnace,  the  datum  line 
would  be  produced  by  allowing  tlie  light  to  fail  throu^^^h  four  fine 
slits,  and  a  quadruple  series  of  fine  parallel  lines  would  be  pro- 
duced, only  one  of  the  series  being  the  true  datum. 

The  photographic  curves,  which  can  readily  be  obtained,  wiU, 
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it  is  hoped,  render  good  service  in  connection  with  the  metallurgy 
of  iron  and  steel. 
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The  ftppAT&tu!  con»igU  of  m  box  or  cam^ra^ 
which  k  drawt)  &b  if  It  were  tr£iiBp«retit«  The 
galvanoinet^r  O  may  b^  connected  with  each  of 
the  six  th**rroo*jiinctii  km  (J  to  J ""l  m  turn.  Each 
of  theie  thetmo-j unctions  h  placed*  snttablj  pro* 
teetcd,  In  a  furnace,  the  arratig«iTietit  totirelv 
iiMiic»ting  the  methodi  of  tnaking  the  conuec- 
tIcmB  of  the  iix  thermo-junctifln*  with  the  gal- 
vannmetcr  by  tfleans  of  the  switch  B.  The  handle 
of  this  enables  either  of  the  thermo- junction! 
to  be  canuecU?d  with  the  galvanometer.  The 
light  from  the  gas  flamt'  L*  faUa  on  to  a  mtrrftr  A, 
And  pasiea  from  it  to  the  movable  galvanometer 
mirror  M,  and  ia  reSectetJ  from  it  tb rough  a  fine 
horizontal  altt  to  th«  drum  D.  This  drum  con* 
tains  the  <:Ioek-work  which  cansea  it  to  revolve 
oocti  in  twelve  houreF,  Light  from  the  mirror  A 
aI&o  falU  en  to  a  fixed  mirrt^r  E  pJaced  below  the 
miivable  mirror  of  the  galvaoometer,  and  this 
enables  a  datum  line  to  be  traced  on  the  aenai* 
tiasd  photographic  paper  by  which  the  drum  is 
covered.  The  temperature  to  which  an?  given 
thermo -junction  is  raised  will  be  inJicated  by  the 
poNitioo  of  the  line  which  h  traced  on  the  paper 
by  the  sprit  of  light  falling  from  the  mirror  M. 

The  fiumhtr  of  the  particular  furnace  under 
eifiininatioii  is*  iTidlcatf  t^  as  fi»l]i>wa.  The  switch 
B,  is  cuiiuuct«d  uy  a  curu  O,  with  a  sbrip  ui  nitital 
P,  and  this  strip,  which  is  supported  by  a  spring 

S,  bears  a  nuinber  of  fine  horizontal  slits,  if,  for  instance,  No.  3  furnace  is  under 
examination,  light  from  the  lamp  L  will  fall  through  a  fine  horizontal  slit  in  the  wall 
of  the  box  containing  the  drum,  and  through  three  slits  in  the  vertical  strip  P.  A 
triple  continuous  datum  line  will  be  photographed  on  the.  drum  as  long  as  connection 
is  maintained  with  No.  3  furnace.  If  No  2  furnace  is  being  tested,  the  datum  line 
will  be  double,  while  if  the  furnace  is  No.  1,  the  line  will  be  single. 

A  slide  H,  may  be  screwed  down  so  as  to  exclude  light  from  the  portion  of  the 
camera  which  contains  the  drum.  This  portion  may  then  be  removed  to  the  dark 
room,  where  the  record  as  traced  on  the  sensitised  paper  is  developed. 
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The  Pkesident  said  it  would  b^  difficult  to  conceive  a  more 
simple,  or  apparently  a  more  accurate,  system  of  recording  tem- 
peratures than  that  which  Professor  Roberts-Austeu  had  applied, 
or  a  more  practical  form  than  that  which  he  had  given  it  for  the 
purposes  of  the  blast  fiiniace  manager.  He  was  quite  sure  that 
in  the  hands  of  Mr.  llartiu  it  would  receive  extensive  applica* 
tion  an<l  a  thorough  test,  so  that  at  a  future  meeting  they  wou)d 
be  able  to  cross-examine  that  gentleman  aa  to  the  extent  to  which 
he  was  satisfied  with  Professor  Roberts- Austen's  apparatus.  Dr. 
Anderson  had  had  some  experience  of  the  working  of  the  system 
of  temperature  record,  and  the  members  would  be  glad  to  know 
the  opinion  entertained  by  liim  regarding  its  merits. 

Dr.  Anderson,  F.Il.S.,said  that  his  experience  had  hitherto  been 
con6ued  to  the  experiments  which  Professor  Roberts- Austen  had 
been  making  for  the  lustitutiou  of  Meclianical  Engineers.  The 
apparatus  made  for  the  Eoyal  Arsenal  at  Woolwich  had  not  yet 
been  put  into  practical  use,  but  it  was  impossible  to  overrate  the 
importance  of  such  an  accurate  method  of  measuring  high  tem- 
peratures. The  more  they  studied  the  composition  of  steel,  the 
more  evident  became  the  enormous  importance  of  very  small 
variations  of  temperature  at  the  heats  at  which  steel  was  worked, 
and  the  more  evident  became  the  desirability  of  depending  upon 
something  better  than  the  eye  or  the  judgment  of  the  operative, 
especially  when  they  had  to  deal  with  large  masses  and  with 
varying  lights.  He  had  spoken  about  the  Le  Chatelier  pyrometer 
to  electrical  expeits,  and  nearly  all  of  tliem  had  said  that  the 
apparatus  was  possibly  a  good  thing,  but  that  a  thermo-couple 
was  not  at  all  permanent,  and  would  alter  its  zero-point  and 
the  range  of  its  readings  very  quickly.  He  should  like  to  ask 
Professor  Roberts- Austen  it'  it  was  a  fact  that  the  durability  was 
so  small  that  in  a  few  hours  the  character  of  the  indications 
might  be  entirely  altered. 

Sir  LowTHiAi:  Bell  said  he  could  perhaps  answer  the  ques- 
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tion  with  some  degree  of  confidence  from  the  experience  they  had 
had  at  the  Clarence  Works  with  the  thermo-electric  pyrometer. 
They  had  noticed  nothing  of  the  kind  mentioned  by  Dr.  Ander- 
son. The  indications  of  to-day  were  the  same  as  those  at  the 
beginning  of  its  application,  and  the  same  might  be  said  regard- 
ing the  junctions.  He  thought,  therefore,  that  it  might  be 
safely  inferred  that  there  was  no  such  change  as  had  been 
apprehended  by  Dr.  Anderson.  At  a  previous  meeting,  when 
Professor  Boberts- Austen's  paper  was  read,  a  question  had  been 
put  to  him  (Sir  Lowthian  Bell),  by  Mr.  Charles  Wood,  of 
Middlesbrough,  as  to  the  durability  of  the  junctions.  He  would 
not  say  that  they  did  not  wear  out ;  but  he  did  not  think  in  the 
eleven  furnaces  at  which  they  were  working  they  had  lost  more 
than  three  or  four,  which,  as  the  expense  was  so  trifling,  was  a 
matter  of  no  moment. 

Mr.  E.  P.  Martin  said  he  wished  to  congratulate  Professor 
Roberts-Austen  on  his  complete  and  useful  instrument  for 
metallurgists,  especially  to  those  to  whom  the  question  of  tem- 
perature was  of  great  importance.  He  had  no  doubt  that  it 
would  prove  an  absolutely  perfect  instrument.  They  had  tried 
an  indicator  for  working  the  hot  blast  stoves,  which  had  proved 
of  very  great  use  in  recording  the  times  at  which  the  stoves 
were  changed.  They  had  fourid  by  using  the  indicator  that  mis- 
takes occurred  more  frequently  than  they  had  believed,  especially 
at  the  change  of  turns.  The  night-stove  man  coming  on,  say,  had 
believed  that  a  certain  stove  had  been  changed,  whereas  it  had 
not  been  changed,  and  the  result  was  that  a  cold  stove  was  used, 
and  worked  double  its  time,  blowing  a  reduced  temperature  into 
the  blast  furnace,  and  probably  occasioning  great  irregularities. 
The  stove  indicator  checked  the  attendant,  and  any  mistake  could 
be  pointed  out.  The  apparatus  described  by  Professor  Roberts- 
Austen  would,  he  thought,  be  still  more  useful.  They  would  be 
able  to  ascertain  whether  the  stove  had  been  properly  heated,  or 
whether  it  was  used  too  long,  or  was  dirty,  and  by  its  assistance 
they  would  be  able  to  keep  the  temperature  of  the  blast  within 
a  few  degrees  of  what  they  required  it  to  be. 

.    Mr.  Parker  inquired  how  the  junction  was  fixed  in  the  stoves 
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and  what  voltage  was  generated  by  the  junction  (  It  wonid  also 
be  satisfactory  to  those  who  were  in  the  iron  trade  if  they  had  a 
junction  to  look  at. 

The  President  said  that  a  junction  was  shown  at  a  former 
meeting* 

Mr.  Parker  said  he  should  like  to  know  what  method  of 
insulation  was  adopted  ? 

Professor  Roberts-Austen  said  that  had  been  previously  de- 
scribed. With  regard  to  the  actual  insertion  of  the  pyrometer 
in  the  hot  blast  mains.  Sir  Lowtbiau  Bell  would  be  able  to  give 
information  on  that  subject.  He  (ProfGasor  Uoberts-Austen)  was 
mainly  interested  in  the  recording  part  of  the  apparatus. 

Sir  LowTHiAN  Bell  said  that  the  junction  was  just  placed  in 
the  main  itself. 

Mr.  Parker  asked  what  was  the  form  of  the  junction  ? 

Sir  Lo%VTHiAN  Bell  said  the  junction  was  what  was  seen  in 
the  instrument  itself. 

Professor  Roberts-Austen  said  that  the  junction  was  a  piece 
of  wire,  about  as  thick  as  an  ordinary  pin.  It  was  of  platinum 
and  rhodium,  sometimes  soldered  by  a  tiny  sphere  of  gold. 
The  wirea  were  usually  merely  twisted  together;  the  junction 
might  be  covered  with  a  layer  of  clay  or  not.  Unless  it  was 
coming  iu  contact  with  a  shower  of  fine  metallic  min,  it  was 
better  to  leave  it  free, 

Sir  LowTHiAN  Bell  said  that  of  course  communication  was 
made  with  the  galvanometer,  which  was  placed  at  the  office,  from 
every  furnace.  Every  furnace  had  a  wire  ending  at  the  office. 
There  was  a  table  containing  the  number  of  each  furnace^  and 
the  attendant  had  merely  to  make  contact  by  putting  a  plug 
into  the  aperture  communicating  with  each  furnace,  when  he  saw 
at  once  what  the  temperature  was. 
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Professor  Boberts- Austen  said  that  the  most  suitable  resist- 
ance of  each  galvanometer  was  about  200  ohms.  With  regard 
to  the  durability  of  the  thermo-couple,  he  need  hardly  remind 
Dr.  Anderson  that  there  were  thermo-couples  and  thermo- 
couples. The  platinum-iridium  one,  adopted  by  Bams,  and 
which  afforded,  it  should  not  be  forgotten,  the  basis  upon  which 
the  trustworthiness  of  thermo-couples  rested.  Barus  compared 
step  by  step  the  indications  of  the  platinum-iridium  thermo- 
couple, as  taken  side  by  side  with  an  air  thermometer,  and  proved 
that  they  ran  absolutely  together.  The  iridium-platinum  junc- 
tion, therefore,  was  an  accurate  one,  and  one  which  was  more 
sensitive  than  the  platinum,  platinum-rhodium  one.  Physicists 
were  apt  to  accuse  metallurgists  of  employing  a  precarious  instru- 
ment, mainly  because  the  thermo-couples  hitherto  used  had  not 
been  carefully  chosen,  and  unsuitable  metals  had  been  employed. 
That  the  platinum-rhodium  couple  was  a  delicate  one  could  be 
seen  from  the  photographs  he  exhibited  ;  it  would  take  up  the 
variations  of  heat  with  extreme  rapidity,  and  it  was  also,  accord- 
ing to  his  experience,  extremely  durable.  He  did  not  think  it 
would  vary  after  a  month's  continuous  use  by  more  than  a  very 
few  degrees. 

Mr.  Jeremiah  Head  asked  if  he  was  right  in  supposing  that, 
for  a  permanent  record  of  several  furnaces,  one  complete  appa- 
ratus was  required  at  each  ? 

Professor  Egbekts-Austen  said  that  a  thermo-junction  only 
was  required  for  each  furnace,  as  any  one  of  a  series  of  furnaces 
could  be  placed  in  turn  in  contact  with  one  galvanometer  in  a 
central  laboratory.  One  thermo-junction  being  applied  to  each 
furnace,  conductors  were  led  from  it  to  the  galvanometer.  The 
nature  of  the  switch  used  could  be  seen.  It  was  a  switch 
suited  for  six  furnaces.  Each  arm  of  the  switch  was  connected 
with  a  thermo-junction,  and  each  junction  could  be  placed  in 
turn  in  connection  with  a  single  galvanometer.  The  result  was 
that  the  record  of  the  six  furnaces  would  be  intermittent,  but 
the  duration  of  the  test  in  each  particular  case  depended  entirely 
on  the  will  of  the  operator. 
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Mr.  J,  E.  Stead  asked  whether  the  switch  was  automatically           I 
kept  moving  round  ?     It  would  appear  from  the  description  that           1 
if  clockwork  was  used,  the  iastruraent  would  be  an  automatic           1 
recorder.                                                                                                   ^^M 

■  Professor  Roberts- Austen  said  that  he  had  stated  in  the  paper          ] 

■  that  the  shifting  of  the  contact  of  the  galvanometer  from  furnace      ^A 
™     to  furnace  could  he  regukted  by  clockwork  as  well  as  by  hand,      " 

and  that  then  human  intervention  would  entirely  cease, 

■  The  President,  in  proposing  a  vote  of  thanks  to  the  author, 
1     said  he  was  glad  to  know  that  Professor  Roberts-Austen  had  so 

far  satisfied  himself  that  the  apparatus  was  a  working  one»  and 
that  he  was  about  to  hand  it  over  to  Mr.  Martin,  who  would 
now  be  able  to  furnish  a  valuable  opinion  upon  it. 

^^^^^^^^B|* 

J 
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The  question  of  improved  and  more  rapid  means  of  transit  for 
passengers  is  occupying  attention  in  many  of  the  great  cities  at  the 
present  time.  With  the  extension  of  areas  covered,  the  question 
becomes  increasingly  pressing. 

In  London  it  has  been  under  consideration  for  many  years,  and 
during  the  last  session  a  joint-committee  of  the  two  Houses  of 
Parliament  reported  favourably  upon  a  number  of  proposed  under- 
ground electric  railways  of  the  type  of  the  City  &  South  London 
Railway,  completed  and  opened  for  traflBc  in  1890. 

In  Paris,  Berlin,  and  Vienna  similar  railways  have  been  pro- 
moted and  are  under  discussion.  In  New  York,  a  city  long 
since  provided  with  elevated  railways  and  tramways  along  most  of 
the  main  thoroughfares,  a  Rapid  Transit  Commission  has  lately 
reported  in  favour  of  an  extensive  system  of  underground  electric 
railways,  and  in  other  American  cities,  notwithstanding  the  rapid 
development  of  electrically  worked  tramways,  additional  facilities 
in  the  shape  of  over-  and  underground  lines  are  being  considered. 

This  question,  then,  is  an  important  one  for  engineers  and  for 
the  iron  industries. 

All  the  proposed  underground  lines  are,  since  the  construction 
of  the  City  &  South  London  Railway,  proposed  to  be  made  of  iron, 
and  that  material  must  necessarily  enter  largely  into  the  con- 
struction of  any  overhead  railway. 

The  particular  railway  under  discussion  is  composed  almost 
entirely  of  wrought  iron.  The  line,  now  approaching  completion, 
traverses  the  whole  length  of  the  famous  Liverpool  docks,  a  distance 
of  about  six  miles  (as  will  be  seen  by  reference  to  the  diagrams). 
The  extensions  north  and  south,  authorised  last  session,  are  also 
shown,  and  it  will  be  seen  that  they  go  beyond  the  docks  and 
away  from  the  river  in  order  to  give  better  access  between  the 
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residential  neighbourhoods  reached  by  them,  the  docks,  and  the 
heart  of  the  city. 

With  the  exception  of  a  short  length,  where  the  line  passes 
under  the  Lancashire  &  Yorkshire  Railway  coal  sidings,  the 
railway  is,  as  its  name  indicates,  overhead,  and  for  the  most  part 
just  over  the  lines  of  the  original  Dock  Railway,  which  is  upon  the 
surface.  The  latter  railway  serves  for  the  distribution  of  goods 
by  horse  traction,  and  has  also  been  used  by  passenger  omnibuses, 
with  specially  constructed  wheels  to  enable  them  to  leave  the 
track  when  necessary.  They  will  leave  the  rails  altogether  upon 
the  completion  of  the  Overhead  Railway,  which  will  alTurd  a  means 
of  transit  at  least  three  times  as  rapid.  The  Dock  Railway  will 
then  be  available  exclusively  for  goods. 

The  Overhead  Railway  consists  generally  of  plate  iron  girders 
supported  upjon  channel  iron  columns,  and  carrying  an  iron  flooring, 
upon  which  the  permanent  way  is  laid  direct,  without  the  usual 
intervening  ballast.  The  normal  spans  are  50  feet,  but  there  are 
some  of  100  feet,  with  bowstriog  girders,  and  others  of  special 
construction  for  opening  and  affurding  a  passage  to  the  docks  for 
exceptionally  bulky  goods,  such  as  marine  boilers,  &c. ;  thus  there 
is  a  tilting  bridge  near  the  Sandown  Dock,  and  a  swing  bridge  of 
novel  construction,  and  worked  hydraulically,  crossing  the  entrance 
to  the  Stanley  Dock.  This  is  the  only  dock  entrance  crossed  by 
the  railway,  the  other  docks  being  on  the  river  side  of  it 

The  columns  are  grouted  into  cast  iron  sockets,  bedded  in  and 
bolted  to  masses  of  concrete,  forming  the  foundations. 

With  the  exception  of  some  half-a-dozen  spans,  the  line  has  been 
constructed  without  the  use  of  scafiuldin«,s  and  with  very  little 
interference  with  the  traffic,  either  of  the  docks  or  of  the  streets. 

This  important  end  was  attained  by  adopting  a  construction 
which  admitted  of  each  sjian  and  its  flooring  being  put  together  at 
one  end,  and  transported  as  a  whole  over  the  already  completed 
portion  of  the  railway. 

A  depot  was  established  at  the  north  end  of  the  railway,  where 
the  flooring  was  constructed  and  riveted  together,  and  to  the  main 
girders.  The  whole  span  was  then  raised  by  jacks ;  a  steam  trolley 
with  wheels  running  upon  the  two  rails  nearest  the  main  girders 
(and  thus  having  a  gauge  of  16  feet),  was  run  under  the  span. 
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which,  being  lowered  upon  the  trolley,  was  carried  by  it  at  such  a 
level  as  to  clear  the  main  girders  to  the  southern  end  of  the 
structure.  Arrived  at  this  point,  the  span  was  slung  upon  a 
movable  gantry,  and  by  it  deposited  upon  the  columns  prepared 
to  receive  it.  In  this  manner,  span  after  span  was  added,  as  many 
as  twelve  being  placed  in  a  week,  representing  a  length  of  600  feet 
of  railway. 

Photogi'aphs  illustrating  the  operations  of  construction  and 
portions  of  the  railway  accompany  the  paper,  and  the  details  of 
construction  of  one  of  the  normal  spans  are  shown  in  the  accom- 
panying drawings,  and  do  not  therefore  require  description. 

The  decking  is  of  arched  plates,  finishing  to  2  feet  6  inches 
wide  and  15  inches  deep,  made  water-tight  by  asphalte  placed  in 
the  V-channel  between  the  arches ;  this  form  of  flooring  (known 
as  Hobson's  arch  plate  system),  first  used  on  this  railway,  is  being 
extensively  used  elsewhere.  It  is,  for  its  weight,  of  great  strength 
and  stiffness,  and  is  readily  made  water-tight. 

The  flooring  is  made  of  ordinary  iron  plates  and  tees.  The 
plates  are  46  inches  wide  by  ^'^  inch  thick,  and  vary  in  length 
from  22  to  27  feet.  The  tees  are  4J  x  3^  X  y^  inches  section, 
and  are  of  lengths  corresponding  to  the  plates. 

A  cross-section  is  as  shown  in  the  following  figure : — 
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LIVERPOOL  OVERHEAD  RAILWAY. 
SECTION  OF  FLOOR. 


In  order  to  ascertain  the  exact  strength  of  the  floor,  some  actual 
sections  were  tested  to  destruction,  and  the  deflections  at  each 
increase  of  load  were  carefully  tabulated  with  the  following 
results : — 

Test.^ — a.  Three  sections  of  floor  measuring  7  feet  6  inches  in  width. 
h.  Span,  22  feet,  ends  resting  upon  supports. 
c  Load  distributed  over  four  points  corresponding  with- 
the  positions  of  the  rails. 
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l^t  ljom±  DeflflOtUm  At  Centre. 
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The  floor  plates  ultimately  collapsed  by  the  total  rupture  of  the 
T-irons  at  163  tons,  and  with  a  deflection  of  10  inches. 

It  is  hoped  that  raembera  may  be  able  to  see  the  actual  con- 
struction of  the  decking  at  the  north  end.  A  short  description 
may,  therefore,  be  of  interest.  The  flat  plates  are  delivered  sheared 
to  exact  length  and  width.  SLx  of  them  at  a  time  are  heated  in  a 
long  oven  (to  a  cherry -red  heat),  whence  they  are  separately  hauled 
out  endways  into  a  hydraulic  press,  which  bends  them  to  the 
required  shape.  After  cooling  upon  a  grid  or  frame,  where  they 
are  tightly  held  to  prevent  change  of  form,  they  are  taken  to  a 
multiple  drilling  machine,  which  drills  the  requisite  rivet-holes 
(about  two  hundred)  in  two  operations  and  in  fifteen  minutes. 
After  the  end  angle  irons,  for  attachment  to  the  njain  girders,  are 
added,  the  decking  i*i  completed  by  riveting  mechanically  the 
curved  plates  to  the  T-irons  forming  the  lower  member. 

These  combined  operations  are  performed  at  the  rate  of  forty  to 
forty-five  plates  per  day,  sufficient  to  cover  an  area  of  more  than 
2300  square  feet. 

There  are  to  be  fifteen  stations.  They  are  built  upon  iron 
girders  and  columns,  the  platforms  being  about  115  feet  in  length 
by  12  feet  wide,  and  3  feet  above  rail  level  Access  to  the  plat- 
forms is  gained  from  the  street  level  by  four  staircases  at  the 
more  important  stations,  and  on  each  platform  a  waiting  shed  is 
provided  with  pay-offices  and  turnstiles. 

An  extensive  carriage  shed  is  erected  near  the  Hornby  Docks, 
with  five  lines  of  way  running  through  at  the  same  rail  level  as 
the  main  structure  of  the  railway;  and  underneath,  on  the  ground 
floor,  is  the  repairing  shop,  to  be  equipped  with  the  necessary 
tools. 

The   railway  is  to  be  worked   by  electricity,  generated  at  a 
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staiioD,  for  which  twelve  of  the  arches,  forming  the  viaduct  which 
carries  the  coal  sidings  of  the  Lancashire  &  Yorkshire  Kailwajr, 
have  been  utilised^  near  the  Bramley  Moor  Dock,  and  about  | 
the  middle  of  the  line.  At  this  station  are  three  engines,  each 
cnpable  of  working  up  to  four  hundred  indicated  horse-power,  and 
each  driving  a  separate  Elwell-Parker  dynamo.  The  electricity 
wiU  be  carried  north  and  south  along  the  railway  by  a  steel 
conductor,  placed  on  porcelain  insulators,  supported  upon  cross 
timbers  between  the  rails  of  each  line. 

Hinged  collectors  of  cast  iron,  sliding  upon  this  conductor,  will 
make  the  connection  between  the  motors  upon  the  train  and  the 
dynamos  at  the  generating  station.  The  motors  are  not  placed 
(as  on  the  City  &  South  London  Kailway)  upon  a  separate  loco- 
motive, but  are  carried  by  the  passenger  carriages  themselves, 

A  train  will  consist  at  first  of  two  carriages,  each  tu  seat  fifty-six 
passengers,  and  provided  with  a  motor  at  one  end-  The  carriages 
will  be  so  coupled  as  to  give  a  motor  at  each  end  of  the  train,  and 
the  motors  will  be  so  connected  together  as  to  be  controlled  from 
either  end  by  the  driver,  who  will  always  travel  at  the  front  end, 
cliangiug  ends  upon  arrival  at  a  terminus,  and  carrying  with  him 
a  key,  without  which  tlie  motors  cannot  be  operated. 

All  the  carriages  will  be  exactly  alike,  and  will  contain  com- 
partments for  two  classes  of  passeugers,  with  through  communica- 
tion from  end  to  end  of  the  train  under  the  control  of  the  guard. 
A  train  loaded  with  passengers  will  weigh  about  40  tons.  The 
trains  will  be  lighted  by  electricity,  and  are  fitted  with  the 
Westinghouse  brake,  deriving  its  compressed  air  from  a  reservoir 
on  the  train,  the  reservoir  being  cliarged  after  each  journey,  TliLs 
system  of  working  the  brakes  has  been  found  to  answer  well  on 
the  City  &  South  London  Kailway.  The  generating  station  wiU 
contain  at  first  six  boilers  of  the  Lancashire  type,  each  30  feet 
long  by  8  feet  diameter,  with  a  working  pressure  of  120  lbs.,  and 
stoked  mechanically.  The  engines  are  horizontal,  compound, 
condensing,  by  Messi-s,  Jolm  Musgrave  &  Sons,  Bolton.  It  is 
intended  to  commence  running  with  a  five-minutes'  service  of 
trains,  but  the  generating  plant  is  designed  to  be  capable  of  work- 
ing a  three-minutes'  service,  and  the  journey  from  end  to  end  of  the 

Iway  (inclusive  of  stoppages)  is  to  be  performed  in  less  than  half- 
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»D*hoQr  There  are  thirteen  stadons  upon  the  dock  portion  of  the 
line,  and  a  novel  feature  on  the  railway  will  be  a  system  (Timinis's) 
of  automatic  signals  at  all  the  intermediate  stations,  in  place  of  the 
ordinary  signalling  arrangements.  These  sij^nals  will  be  electri- 
cally worked  by  the  trains  themselves,  and  considerable  saving  in 
the  working  expenses  will  result. 

The  permanent  way,  it  will  also  be  noticed,  is  of  a  novel  con- 
struction.    Longitudinal  sleepers,  resting  directly  upon  and  keyed 
to  the  arched  decking,  support  the  rails  and  the  electric  conductor. 
H     As  already  stated,  there  is  no  ballast  between  the  permanent  way 
"      and  the  structure,  and  the  working  charges  in  connection  with 
the  maintenance   and   repair  of   the  permanent  way  should  be 

^ exceptionally  light 
I  The  total  cost  of  ihe  railway,  incloding  equipment,  will  be  about 
|85,000  per  mile. 
Mr,  J.  W.  Willans  is  the  contractor  for  the  works,  and  the 
Electric  Construction  Corporation,  limited  (WolverhamptoiOi  are 
providing  the  electrical  equipment  and  the  carriages,  under  the 
management  of  Mr,  Thomas  Parker. 

The  engineers,  Sir  Douglas  Fox  and  the  author  have  been  repre- 
sented on  the  work  by  Mr.  Francis  Fox  and  Mr  S.  B.  Uottrell. 
Mr,  F.  Hudleaton  has  had  charge  of  the  work  (for  Mr.  Willans), 
and  to  him  is  due  the  credit  for  the  design  of  the  tilting  and  swing 
bridges  referred  to. 

It  is  intended  to  open  the  line  for  traffic  very  shortly. 


I)ISCUS.SIOA\ 


Mr.  Lewis  Bichards  inquired  if  there  was  any  provision  made 
for  expansion  and  contraction,  of  which  he  said  there  was  no 
mention  in  the  paper  ? 


Mr.  P.  F.  NuRSEY  asked  what  prorision  was  made  for  the 
absorption  of  sound  ?  It  appeared  to  him  that  the  line  would 
be  liable  to  create  a  large  amount  of  noise. 


48 


THE  UYERPOOL  OVERHEAD  RAILWAY. 


Mi\  Greateead,  replying  to  the  question  as  to  expansion  atf 
combuation,  stated  tliat  the  girders  were  fixed  at  one  end  rigid 
to  the  columns,  but  at  the  other  end  the  holes  were  slotted,  an 
they  were  free  to  move  slightly.     The  girders  were  not  cot 
tinuous,  a  space  being  left  between  them.     As  regards  noise,  }m.  ^ 
did  not  expect  there  would  be  more  than  on  nn  ordinary  railway 
carried  over  metallic  roads. 

Mr,  Jeremiah  Reaw  asked  what  provision  there  was  fo 
drainage  /  He  also  asked  Mr.  Greathead  whether,  in  advocatin| 
iron  for  such  railways,  he  meant  iron  as  distinguished  from  steel,  j 
or  as  distinguished  from  masonry  or  timber  ? 


Mr.  Greathead  answered  that  provision  was  made  for  drainage 
by  cutting  at  each  of  the  Y%  which  were  partly  filled  with 
aspbalte^  a  hole  into  wdiich  a  small  tube  is  screwed.  These 
tubes  would  catTy  the  water  by  a  pipe  at  each  column  to  the 
drainage  below, 
masonry. 


He  had  advocated  iron  as  distinguished  from 


The  Presu>ent  was  sure  that  it  would  be  the  desire  ot  the 
members  to  thank  Mr.  Greathead  for  hia  description  of  a  struc- 
ture which  many  of  them  would  visit  that  afternoon  with  very 
great  interest.  It  was  a  new  type  of  structure  in  this  country, 
and  they  would  watch  its  development  with  interest,  especially 
as  there  appeared  to  be  a  prospect  of  its  being  ere  lung  intro- 
duced into  the  metropolis. 


WEDNESDAY,  SEPTEMBER  21st. 

The  proceedings  of  the  Institdte  were  resumed  to-day  —  Sir 
FREDiiKiCK  AbeLj  K.CB,,  F.R.S.j  President,  occupying  the 
Chair. 
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^  Iktroductiok. 

Although  there  have  been  several  contributioos  to  this  Institute 
on  the  subject  of  the  alloja  of  chromium  aud  iron,  notably  those 
by  M*  Brustlein  and  M.  Boixssiugault,  so  far  no  exact  statements 
have  been  presented  as  to  the  properties  of  chromium  steel.  There 
has  certainly  been  no  complete  record  as  to  the  effect  of  gradually 
increasing  percentages  of  chromium  upon  the  metal  iron,  and  no 
series  of  tests  and  analyses  have  yet  been  available* 

The  principal  object  of  this  paper  is  to  describe  tho  results 
obtained  with  combinations  of  iron  and  chromium,  carbon  being 
necessarily  present,  but  kept  within  as  low  limits  as  practicable 
with  the  ferro-chromium  available.  The  experiments  have  been 
carried  out  on  lines  similar  to  those  previously  described  by  the 
writer  to  this  Institute  with  regard  to  the  alloys  or  combinations 
of  iron  with  manganese,  silicon,  and  aluminium. 

Though  it  is  not  here  attempted  to  deal  with  chromium  steel  as 
a  whole,  that  is,  carbon  combinations  of  chromium  steel,  still  it  is 
hoped  that  they  also  will  be  found  touched  upon  at  sufficient 
length  to  convey  some  useful  idea  of  their  properties. 

Judging  from  the  results  of  the  tests  given  in  this  paper,  it  is 
pirotable  that  chromium  steel  has  an  important  future  before  it, 
and  it  is  hoped  that  this  paper  may  be  tlie  means  of  drawing 
further  attention  to  the  subject*  The  writer  cannot  but  think 
that  the  special  question  of  steel  alloys  or  combinations  will  be 
eventually  found  to  possess  considerable  practical  importance  to 
the  world  at  large,  and  perhaps  be  tlie  means  of  eventually  en- 

*•  It  hn»  been  reoently  stfttedf  with  wliat  trutb  the  writer  doea  not  know,  that  a  weU- 
known  French  firm  pnrtly  ba«es  the  exceUenoe  of  itt  turrets  aud  fort»  on  the  foot  thAt 
^  plates  for  them  were  of  ohromiam  steeL 
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abling  our  civil  and  mechaDical  engineers  to  design  and  carry  om 
works  of  a  magnitude  which,  notwithstanding  the  great  strides 
made  during  the  last  few  years,  even  at  present  are  not  possible. 

When  it  is  borne  in  mind  through  how  many  difficulties  the 
metal  known  as  carbon  steel  has  had  to  struggle,  and  for  how  long 
a  period  it  has  had  to  undergo  trial  and  examination,  it  is  not 
surprising  that  the  introduction  of  special  combrnations,  such  as 
manganese,  nickel,  and  chromium  steel,  takes  place  but  slowly. 

Early  History, 

It  is  specially  interesting  to  follow  the  history  of  an  impor- 
tant element  ah  oro  iisquc  ad  maku  In  the  metal  chromium  we 
have  a  peculiarly  favourable  opportunity  of  doing  this,  and  one 
that  does  not  occur  with  many  of  the  metals. 

It  is  to  France,  whose  metallurgical  productions,  if  deficient  iu 
magnitude,  are  not  wanting  in  quality,  and  where  we  find  so  often 
the  combination  of  scientific  and  technical  knowledge,  that  we  are 
indebted  for  most  of  our  information  as  to  the  metal,  its  properties, 
and  the  development  of  its  use.  Commencing  with  its  discoverer, 
Vauquehn,  there  followed  Eerthier,  Fremy,  Ijoussingault,  and  finally 
Brustlein,  who  has  done  so  much  to  develop  its  applications  to 
uses  iu  which  this  Institute  is  largely  interested.  The  able  work 
of  the  latter  was  two  years  ago  specially  recognised  in  France  by 
the  "Socit5te  d'Euconragement  pour  Tlndustrie  Nationale/*  who 
awarded  him  a  prize  of  2000fr.,  "  pour  la  fabrication  courante  d'un 
acier  ou  fer  fondn  dou(5  des  proprictc^s  speciales  utiles,  par  Fincor- 
poration  d'uu  corps  ijiranger."  The  special  metal  he  produced  was 
a  chromium  steel. 

The  birth  of  the  metal  occuiTed  at  the  end  of  1797,  during 
troublous  times,  and  we  are  reminded  of  coutemporaneons  his- 
tory when  we  find  that  its  discoverer,  "  Citoyeo  *'  Louis  Nicolas 
Vauquelin,  read  his  first  paper  *  on  "  1  Inie  Brum  aire,"  and  liis  second 
paper  on  the  "30me  Nivose,  An,  Vlme,"  respectively,  pithily  en- 
titled by  Carlyle  in  his  clironicles  of  those  stirring  times  **  Foga- 

♦  **  Memoire  sur  ane  nouvcUe  au}>fltance  metaUique  contunne  daos  te  plorab  rouge  de 
Sib^rie,  et  qii'on  propote  d'»pp«ler  Chrome,  k  caiwe  de  la  propriete  qu'il  a  tie  colorer 
lea  cDrubinaiaona  on  U  eat  re,  par  le  Cifcoyeu  Vauquelia,  In  li  la  premiere  cliiBse  de 
llottitiite  NationaK  1«  H  Bruirmlre,  An.  6," 
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nous  and  Snowous  Mentha,"  that  is,  during  the  second  and  fourth 
months  of  the  year  Six  of  the  French  Eepnbiic.  In  other  words,  his 
second  and  most  important  paper  was  given  on  January  19, 1798, 
and  entitled  *'  Sur  la  nouvelle  substance  mt'tallique  contenue  dana 
le  plomb  rouc^e  Siberie,  d&onverte  par  le  Citoyen  Vauquelin,  et  k 
laqnelle  il  a  donne  le  nom  de  Chrome" {A^males  de  Chimie,  1798). 

Vauquelin  was  led  to  the  discovery  of  chromium  as  follows : — 
In  1789  a  Paris  doctor,  "  Citoyen  "  Macquart,  and  himself,  were 
asked  to  make  an  analysis  of  the  "plomb  rouge  de  Sibcrie,"  a 
native  chromate  of  lead  from  that  country.  In  1797  he  was  led 
to  believe  his  former  results  were  incorrect,  and  said,  "Owing  to 
want  of  sufficient  material,  I  have  not  been  able  to  give  to  my 
researches  all  the  inquiry  I  propose ;  still  they  have  been  sufficient 
to  prove  that  this  Aplomb  rouge'  contains  a  new  metallic  acid, 
possessing  very  marked  characteristics,  and  of  whose  properties 
we  can  make  use  in  the  arts."  This  **  plomb  rouge  '*  is  now  known 
as  **  Vauquelinite/* 

In  the  meantime,  with  his  characteristic  energy,  only  two 
months  later,  in  a  second  communication  to  the  Acad^mie  des 
Sciences,  Paris,  he  had  separated  the  metal,  classified  it,  and  deter- 
mined most  of  its  properties ;  in  fact,  his  knowledge  of  the  metal 
and  the  classification  of  its  properties  appear  practically  to  be  as 
we  have  them  now. 

It  is  striking  to  find,  with  the  comparatively  crude  means  then 
at  hand,  how  exactly  his  descriptions  agree  with  the  latest  data  m 
to  this  metal  and  its  combinations. 

He  stated  that  the  then  new  metal,  of  which  samples  were 
exhibited  before  the  Acadc'mie  des  Sciences,  was  white,  brittle, 
very  infusible,  crystallised  in  needles,*  and  that  acids  had  very 
feeble  action  upon  it  His  own  opinion  was  that  the  britlleness 
and  infusibility  of  the  metal  did  not  promise  for  it  a  great  em- 
ployment, but  he  pointed  out  that  probably  when  larger  sources 
of  the  metal  and  its  oxides  were  obtainable,  it  might  be  applied 
with  advantage  in  the  arts  on  account  of  its  furnishing  very  beauti- 
ful and  durable  colours  in  painting  and  enamel-work.  He  pointed 
■  out  that  the  emerald  owed  its  brilliant  colour  to  the  oxide  of  this 
I     metaL      Its  discovery  has  been  of  considerable  importance,  as 

^ft  •  Thi*  ia  one  of  rlje  apeciftl  fcfttures  of  rich  fenro-chromiuTn. 
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indeed  quantities  of  its  compounds  are  now  exteusively  used  in 
the  arts,  in  the  preparation  of  pigments,  in  ealico*printing,  and  in 
giving  the  fiue  deep  grain  to  the  enamel  of  porcelain  and  glass. 
Borate  of  chromium  is  employed  in  the  manufacture  of  colours, 

ed  as  a  substitute  for  arsenical  green  in  painting  and  dyeing. 

It  appears  that  some  of  his  friends,  "  Citoyens "  Fourcroy  and 
Hanz,  were  consulted  as  to  the  baptism  of  the  new  metal 
'* Chrome'*  was  suggested,  from  the  word  ** chroma"  (colour),  the 
**plomb  rouire*'  from  which  the  metal  was  first  extracted  being  of 
a  characteristic  colour,  and  also  from  the  various  and  beautiful 
colours  which  the  oxides  of  the  metal  gave  to  the  minerals  and 
substances  into  whose  composition  they  entered.  It  bears  in  this 
respect  a  resemblance  to  the  metal  **  uranium/' 

Vauquelin  very  properly  said,  **  I  must  confess  that  this  title 
does  not  altogether  suit  the  metal,  since  in  itself  it  has  no  par- 
ticular coloun  I  did  not  wish  to  adhere  specially  to  this  title,  more 
than  to  any  other  which  would  be  suitable  and  expressive  of  its 
most  salient  and  characterisdc  properties/'  The  advice  of  the  two 
friends  evidently  prevailed,  and  thus  we  have  the  metal  chromium. 

It  isj  therefore,  in  Vauquelin's  paper  that  we  find  the  first 
mention  of  the  metal  ''chrome/'  It  has  sometimes  been  called 
"chromion/'  but  now  receives  the  termination  *'iuii],"  common  to 
many  of  the  metals. 

Yauciuelin  was  one  of  the  many  industrious  chemists  from 
whose  labours,  crude  as  they  then  appeared,  we  are  to-day  reap^ 
ing  so  much  benefit.  It  was  said  of  liim  by  Cuvier,  "  II  ^tait 
tout  chimiste,  ehimiste  chaque  jour  de  sa  vie  et  pendant  la  duree  de 
chaque  jour/'     His  dijferent  treatises  amounted  to  more  than  240. 

His  scientific  intuition  could  enable  him  to  see  ahead  when  he 
said,  speaking  of  the  discovery  of  the  metal,  "  I  venture  to  say 
that  if  chemistry  could  only  utilise  but  a  few  of  the  many  objei^H 
that  Nature  offers  to  us,  it  would  soon  convert  into  usefal  appliMl 
tions  bodies  which  now  exist  only  as  a  vain  curiosity/*  No  doubt 
Vauquelin  would  be  surprised  if  he  could  see  that  to-day  we  are 
principally  indebted  to  the  metal  he  discovered,  now  nearly  a 
century  ago,  for  the  remarkable  properties  possessed  by  modern 
armour-piercing  steel  projectiles— properties  that  have  enabled 
those  of  6-iuch  calibre,  such  as  are  described  more  fully  later  on, 
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ttetrate  compound  armour  plates  10|  inches  in  thickness, 
liimkitimg  practically  unaltered  in  form,  or  those  13 "5  inches  in 
diameter,  fired  from  ihe  G3-ton  B.L.  guu,  to  penetrate  over  3  feet 
of  steel  and  wrought  iron. 

If  he  could  have  seen  these  proofs,  he  would  have  felt  that  the 
brittle  metal  extracted  from  '*  plonib  rouge  "  possessed  influences 
that  he  had  little  dreamt  of,  rendering  possible  the  penetration 
of  modern  armour,  whether  of  iron  or  steel,  and  of  thicknesses 
which  but  a  few  years  ago  were  considered  impregnable. 

The  application  of  this  metal  iu  metallurgy  to  more  peaceful 
purposes  has  not  yet  been  extensive,  but  that  its  use  will  in- 
crease cannot  be  doubted  in  face  of  the  results  of  Brustlein  and 
others.  Although  this  extension  may  not  proceed  rapidly,  there 
is,  without  doubt,  a  place  for  its  further  useful  employment. 

Description  of  the  Metal. 

The  metal  chromium,  symbol  Cr,  has  an  atomic  weight  of  52'40;* 
atomic  volumcj  7*7 ;  specific  gravity  is  stated  as  low  as  6'80  and 
up  to  7"3 ;  specific  heat  estimated  at  0"12.  Its  melting-point  has 
not  yet  been  determined.  Some  say  it  is  higher  than  that  of 
platinum,  Deville  stated  that  he  obtained  chromium  which  was 
less  fusible  than  platinum,  Carnelly,  in  "  Melting  and  Boiling 
Points/*  says,  **  Chromium  does  not  fuse  in  the  forge,  but  softens 
and  conglomerates.*'  Neville,  "  melts  above  platinum/*  These 
statements,  being  comparative  and  approximate,  are  not  of  much 
actual  service.  Probably  the  melting-point  is  somewhat  higher 
than  that  of  pure  iron,  judging  from  M,  Osmond's  experiments 
given  in  Table  XIL 

Though  Mr.  J.  F.  John^  in  a  paper  to  the  Academy  of  Science, 
September  1821,  stated  that  he  found  traces  of  chromium  in 
meteoric  iron,  it  has  probably  never  been  found  in  the  native 
state,  and  has  usually  to  be  obtained  by  reduction  from  its  oxides. 
In  its  actual  metallic  state  it  may  be  safely  described  as  one  of 
the  "rare**  metals,  the  writer  having  paid  for  a  small  sample  of 
the  supposed  metal  at  the  rate  of  SOs.  per  oz.     Even  this  sample 

•  In  ZciUch.  Jilv  Anai.  Chemie^  xxxi.  part  1,  it  in  ni&ied  that  Meinnke  fioda  the 
f«nenil  meiu)  result  =  51  94,  which  AgreeB  weU  with  that  of  R&wion,  BSDl,  ^apeciaU^ 
if  it  is  considored  that,  if  reduced  to  &  tacuutti,  it  exceeds  51'9t8. 


IS  01 


contaiDed  only  86'60  per  cent,  chromium,  and  as  much  as  2'18  per 
cent  carbon.  This  being  material  sold  as  the  actual  metal,  iU 
exact  properties  can  hardly  be  said  to  be  known  with  certainty. 
The  sample  containing  the  above  percentage  of  chromium  was  of 
7*87  specific  gravity  and  non-magnetic. 

In  Watt's  "  Electro- Deposition  "  mention  is  made  of  a  pB 
adopted  by  Bunsen  for  procuring  chromium  by  electrolysis.  It 
appears  he  separated  the  chromium  with  facility  from  a  concen- 
trated solution  of  its  chloride.  The  deposited  metal,  which  is 
said  to  have  been  chemically  pure,  presented  the  appearance  of 
iron,  but  was  less  alterable  in  moist  air.  It  resisted  the  action 
of  even  boiling  nitric  acid,  but  was  acted  upon  by  hydrochloric 
and  dilate  sulphuric  acid.  Bunsen  found  that  when  the  current 
was  diminished,  the  metal  ceased  to  be  deposited  in  the  metallic 
state,  but  appeared  as  a  black  powder  consisting  of  protoxide 
and  sesquioxide  of  chronuum.  Further  particulars  are  given^^ 
Appendix  A.  ^M 

A  sample  supplied  as  very  fine  powder  by  Messrs.  Konigs water 
and  Ebell,  of  Linden,  Hanover,  to  the  writer,  and  containing  75  per 
cent  of  the  metal,  was  found  to  turn  green  after  a  few  weeks' 
exposure  to  the  air.  ^M 

By  some  it  is  stated  that  the  metal  is  easily  oxidised  owingTff 
its  affinity  for  oxygen ;  by  others,  that  this  is  not  so,  and  that  it 
suffers  but  little  change  when  exposed  to  the  air.  It  has  also  been 
stated  that  the  metal  has  been  obtained  in  several  modifications, 
one  of  which  is  so  refractory  as  to  be  infusible  at  a  temperat 
sufficient  to  volatilise  platinum. 

Chromium,  as  we  know  it  from  the  samples  sold  in  the  metal 
and  solid  form,  may  be  heated  to  redness  without  oxidation,  and 
resists  the  action  of  most  acids.  Fremy  is  stated  to  have  obtained 
crystallised  chromium  which  was  unattacked  by  the  strongest  acids. 

In  the  powder  form  it  is  stated  to  be  amorphous,  burns  bril- 
liantly when  heated  in  air,  and  is  readily  soluble  in  acids. 
Probably  this  is  the  form  mentioned  by  Wohler,  who,  in  reducing 
its  sesquioxide  with  zinc,  obtained  it  as  a  shining  green  powder  of 
6*81  specific  gravity,  which  easily  tarnished  in  the  air,  and  is  dis- 
solved in  HCl  and  warm  HgSO^.  This  corresponds  in  properties 
to  tlx^B^  Tioted  in  the  Hanoverian  samples. 
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Mr,  James  Park,  MiUbura  Chemical  Works,  Glasgow,  in  1888 
took  out  a  patent  (No*  377-88)  for  ioiprovemeEta  in  the  manufac- 
ture of  metallic  chrorainm.  This  inYentor  uses  bichromate  of 
potassium,  converts  it  into  oxide  of  chromium  by  suitable  prelimi- 
nary heating  along  with  sugar,  the  material  being  first  intimately 
associated  iu  a  state  of  fine  division.  This  product  is  then  reduced 
with  the  metal  by  mixing  with  charcoal  or  other  forms  of  carbon, 
and,  after  fusion,  the  spongy  chromium  obtained  is  finely  pul- 
verised and  again  fused  at  a  very  high  heat,  and  a  mass  of  pure,  or 
nearly  pure,  chromium  is  obtained.  It  should,  however,  be  stated 
that  the  samples  given  to  the  writer  made  by  this  process  were 
found  on  analysis  not  to  contain  more  than  79  per  cent,  chro- 
mium, the  remainder  being  iron,  silicon,  and  carbon.  Full 
analysis  of  this  is  given  in  Table  XIIL,  and  further  information 
in  Appendix  B. 

Dr.  Glatzel,  by  reducing  potassium  chromic  chloride  with  mag- 
nesium in  the  presence  of  potassium  chloride,  obtained  chromium 
consisting  of  microscopic  crystals  almost  white*  When  rubbed  ia 
an  agate  mortar  they  showed  metallic  lustre.  The  specific  gravity 
at  16"^  Q  was  6*7284  {Wohler  found  6'81  at  25'  C,  and  Bunsen 
6*7).  The  magnet  had  no  effect  on  the  metal.  Dn  Glatzel  having 
made  so  many  interesting  experiments  in  the  production  of  pure 
metals,  it  has  been  thought  worth  while  to  give  his  methods  in  full 
at  the  end  of  this  paper.     See  xippendix  C. 

The  oxides  of  this  metal  are  cliromous  oxide  or  protoxide  of 
cliromium  (CrO)  of  bright  green  colour.  Chromic  acid  or  chromic 
sesquioxide  (Cr^OJ,  or  more  properly  chromic  oxide,  destroys  the 
colour  of  indigo  and  most  vegetable  and  animal  colouring  matters, 
and  is  advantageously  employed  in  calico-printing.  It  forms 
coloured  salts  with  alkaline  bases,  the  most  important  of  %vhich  is 
chromate  of  lead,  which  has  a  rich  yellow  colour.  Chromate  of 
iron  affords  a  beautiful  and  durable  pigment.  The  chromites  are 
a  class  of  bodies  in  which  chromic  oxide,  Cr^O^,  is  united  with 
protoxides,  as  in  the  combined  Cr^O^,  and  in  chrome  ironstone, 
O^FegO^.  The  latter,  the  most  abundant  ore  of  chromium,  con- 
tained, besides  iron  and  chromium,  varying  proportions  of  mag- 
nesia and  alumiua.  It  is  massive,  compact,  and  granular ;  it 
rarely  crystallises,  and  is  a  black-coloured  mineral  of  440  specific 
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gravity.  It  usually  occurs  io  serpentine,  also  in  chrome  ochre, 
CrjjOg,  ouvarovite  or  chrome  gametv  Si^CaCrjOjo.  There  is  also 
crocoisite,  PbCfjOi^  in  which  the  metal  was  discovered  by  Vau- 
quelin,  and  yet  another  form,  which  took  its  name  from  Vauqnelin, 
called  Vaquelinite,  a  chromate  of  lead  and  copper.  The  green 
colour  in  serpentine,  pyrope,  and  emerald,  comes  from  the  com- 
bination of  this  metal*  Chrome  iron  ore  is  probably  the  most 
abundant  som-ce  of  this  metal 


EaIILY   EXPEHmENTS. 

As  regards  the  earliest  experiments  with  reference  to  the  addi- 
tion of  chromium  to  iron  and  steel,  it  appears  that  Faraday  and 
Stodart  in  1820  were  the  first  investigators.  At  that  time  con- 
siderable attention  was  being  paid  to  the  subject  of  alloys,  and 
Faraday,  knowing  that  chromium  was  then  comparatively  a  newly 
discovered  metal,  and  believed  to  be  of  very  hard  nature,  no  doubt 
thought  that  its  addition  to  iron  or  steel  would  confer  beneficial 
hardness  for  toots  and  other  uses,  and  that  it  might  take  the  place 
of  carbon.  This,  as  will  be  seen  from  the  writer's  experiments, 
cannot  be  so  ;  chromium  per  se  does  not  confer  hardness. 

An  interesting  account  is  also  given  by  M.  P.  Eerthier*  who 
made  a  considerable  number  of  experiments  detailed  in  the 
Annaks  dcs  Chimie  for  the  year  182L  He  there  very  frankly 
states  that  the  idea  of  introducing  chrouiium  into  steel  had  been 
suggested  to  him  by  Faraday's  interesting  paper  upon  **  Alloying 
different  metals  with  steel/*  This  statement  is  important,  as  else- 
where it  has  been  stated  that  Faraday  obtained  his  idea  from 
Bertbier*3  work. 

Berthier's  experiments  were,  however,  much  more  exhaustive 
than  Faraday's,  and  in  a  paper  of  considerable  lenjitb  he  gave 
many  interesting  facts  respecting  his  experiments.  He  found  that 
the  presence  of  iron  facilitated  the  reduction  of  oxide  of  chromium, 
though  very  considerable  heat  was  required.  His  experiments 
were  carried  out  with  ore  containing  36  per  cent,  of  oxide  of 
\^  chromium,  coming  from  He  k  Vaches,  a  small  island  south  of  St. 
Domingo.     He  made  alloys  of  ferro-chromium  containing  17  per 

"*ar  let  ftUl&gea  dti  clir6in«  aveo  le  lev  et  avc^  Tucier"  {AnnaJtet  tUa  (Jhimiet 
I  1821). 
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cent  chromium,  and  also  other  special  samples,  said  to  have  con- 
tained as  high  as  60  per  cent,  chromium.  After  producing  his 
ferro  alloy»  he  made  chromium  steel  of  1  per  cent,  and  IJ  per 
cent,  chromium,  but  the  only  special  quality  of  the  product  he 
particularised  was  that  of  damascening.  He  stated  that  the  damask 
showed  "a  variegated  face  of  silvery  whiteness,  the  white  parts 
probably  being  pure  chromium,  upon  which  we  know  that  acids 
have  no  action/' 

He  concluded  his  report  by  saying  that  he  had  spent  much  care 
on  the  preparation  of  ferrn-chromium,  not  because  he  believed 
such  material  bad  in  itself  special  value,  but  because  he  believed  it 
would  be  found  useful  as  a  means  of  introducing  chromium  into 
cast  steel. 

Both  the  1  per  cent,  and  the  IJ  per  cent,  steels  he  produced 
were  stated  to  forge  well.  Knives  and  razors  were  made,  the 
blades  of  which  were  reported  as  being  of  good  quality.  No 
analyses  are  given,  nor  even  an  approximate  idea  as  to  the  amount 
of  carbon  also  present  in  his  samples,  so  that  it  is  impossible  to 
know  what  were  likely  to  be  the  characteristics  of  the  material 
produced. 

It  is  unfortunate  that  Baur,  in  his  practical  work  some  forty 
years  afterwards^  did  not  recognise  the  value  of — perhaps  he  was 
not  aware  of  them — Berth iers  experiments.  Baurs  early  atteiupts 
had  in  view  the  object  of  combining  chromium  directly  with  iron  or 
steel  by  means  of  ort  additions.  After  several  years  of  experiment- 
ing be  had  to  come  back  to  the  very  method  indicated  by  Berthier, 
being  the  one  now  always  followed,  that  is,  introducing  chromium 
into  steel  by  means  of  ferro-chromium  of  known  and  certain  per- 
centage, and  thus  doing  away  with  uncertainty  as  to  the  character 
of  the  product. 

Attention  was  given  to  chrome  ores  some  forty  years  ago.  Sir 
F.  Abel,  in  his  presidential  address  to  this  Institute  in  1891,  makes 
an  interesting  reference  to  the  fact  that  in  his  early  student  days 
(1846)  it  was  considered  that  one  of  the  most  diflicult  tasks  to  set 
a  young  analyst,  after  the  completion  of  his  course  of  practical 
study,  was  the  complete  analysis  of  a  sample  of  chrome  iron 
ore. 

Experiments  with  the  metal  then  seem  to  have  ceased  uutil 
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1857,  when  Freray*  obtained  the  metal  by  Wobler'a  method.  He 
pointed  out  a  fact  that  applies  with  equal  force  now,  viz.,  how 
ranch  is  wanted  to  establish  a  correct  classification  of  metals,  for 
although  chromium  belongs  to  the  iron  group,  it4i  properties  vary 
considerably  from  those  of  other  members  of  the  same  group. 
For  example,  one  striking  difference  is  its  insolubility  in  the 
presence  of  concentrated  acids,  a  fact  in  which  it  rather  resembles 
rhodium  and  iridium,  members  of  quite  a  different  group, 

Fremy  mentioned  another  fact  which  will  be  referred  to  more 
fully  under  the  division  relating  to  ferro-chromium,  and  a  point 
which  is  also  referred  to  by  M*  Brustlein  in  his  paper  to  this 
Institute  a  few  years  ago,  viz.,  that  the  chromium  in  ferro- 
chromium  possesses  the  property  of  crystallising  in  long  needles. 

Frumy's  experiments  are  of  interest,  although  it  is  not  clear 
that  he  actually  carried  out  the  suggestion,  from  the  fact  that  they 
led  him  to  suggest  that  ferro-chromium  should  be  made  in  the 
blast  furnace,  by  heating  together  chromium  oxide  with  metallic 
cast  iron  or  with  suitable  iron  ores. 

Dr.  Percy  was  probably  the  first  Eoglishman  to  experiment 
upon  the  production  of  rich  alloys  of  ferro-chromium.  These  he 
made  in  small  quantities  on  a  laboratory  scale,  commencing  with 
4  per  cent,  then  27  per  cent,  54  per  cent.,  and  76  per  cent. 
chromium.  The  iron  only  having  been  determined  in  the  richer 
percentages,  these  analyses  must,  however,  be  taken  as  approxi- 
mate. Although  the  amount  of  carbon  in  his  samples  is  not 
stated,  it  was  probably  high,  judging  from  the  description  of  the 
properties  of  the  material  produced.  He  stated  the  4  per  cent 
and  27  per  cent,  were,  but  the  54  per  cent  and  76  per  cent,  were 
not  attracted  by  the  magnet  In  this  respect,  however,  both  M, 
Brustlein*s  and  the  writers  observations  do  not  coincide  with  the 
foregoing.  This  point  will  be  found  fully  mentioned  under  the 
section  relating  to  the  magnetic  properties  of  ferro-cliromium. 

Patent  specifications  generally  reveal  the  history  of  early  experi- 
mentSj  and  those  relating  to  chromium  form  no  exception. 

In  1801  we  find  the  first  commercial  application  of  chromium 
to  iron  and  steel  manufacture  suggested  by  Robert  Mushet,  who 
did  so  much  valuable  work  as  regards  alloys  of  iron  and  steel, 

•  CompUt  Rendu 8,  vol.  xliv. 
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His  proposal  was  to  heat  lumps  of  pig,  cast,  or  refined  iron,  to  a 
temperature  somewhat  short  of  their  meltiog-point,  then  pulverise 
them  along  with  powdered  wolfram  or  tungsten,  or  powdered 
chrome  ore,  or  oxide  of  chromium.  It  ia  difficult  to  uuderstand 
what  advantages  such  treatment  offered. 

In  1870  Mr.  A.  Parkes,  a  then  well-known  worker  in  alloys, 
speaks  of  using  chromium  as  an  alloy,  but  it  is  not  clear  whether 
he  ever  carried  out  his  ideas  on  a  practical  scale, 

Mr,  H.  Biermann  of  Hanover,  whose  smelting-works  are  in 
France,  states  that  he  produced  ferro-chromium  comraercially  ad 
far  back  as  1873.  lu  July  1877  he  supplied  to  the  writer's  firm 
10  to  30  per  cent,  ferro-chromium,  the  higher  percentages  costing 
2s.  per  lb* 

As  the  foregoing  experiments  were  but  tentative,  after  consider- 
able investigation  the  writer  is  led  to  the  conclusion  that  it  is 
to  Mr.  Julius  Baur  of  New  York  to  w^hom  the  credit  must  be 
given  of  first  introducing  on  a  practical  scale  the  manufacture  of 
chromium  steeL  M.  Brostlein  has  frankly  admitted  that  he  was 
in  1375  led  to  make  his  own  experiments  from  seeing  an  account 
of  Baur's  work  in  America. 

Mr.  Baur  took  out  an  American  patent  in  August  1865  (No. 
49,495),  claiming  **A  steel  greatly  improved,  toughened  and 
hardened  by  the  addition  of  chromium,  and  also  claiming  to  be 
the  first  to  establish  the  fact  tiiat  chromium  can  be  used  practi- 
cally in  making  steel.**  In  1869  he  patented  further  improve- 
ments, and  some  years  later  an  improved  method  of  making  the 
ferro-chromium  to  be  used.  Since  then,  it  is  stated,  his  process 
has  been  continuously  carried  out  by  the  Chrome  Steel  Company, 
Brooklyn,  N.Y.,  who  also  exhibited  numerous  samples  of  this 
steel  at  the  Centennial  Exhibition  in  Philadelphia  in  1876, 
consisting  of  ferro-chromium,  chromium  steel  drawn  into  bars, 
and  plates  of  soft  iron  and  chromium  steel  welded  together.  This 
company  produced  their  own  ferro-chromium  from  the  commence- 
ment of  their  manufacturing  chromium  steel,  and  this,  no  doubt, 
was  the  reason  of  their  greater  success.  In  a  letter  to  the  writer 
from  this  firm,  in  April  last  year,  they  state  that  they  had  pro- 
duced chromium  steel  for  the  last  twenty  years,  and  that  Mr. 
Haughian,  their  vice-president,  had  also  contributed  to  the  im- 


provements  in  the  manufacture  of  this  steel   during  the  early 
stages  of  the  inventioa. 

In  an  amusing  little  pamphlet,  *'The  Jail- Breaker's  Catechism," 
kindly  forwarded  by  this  company,  a  supposed  burglar,  after 
describing  how  he  had  escaped  from  other  jails,  explains  that  be 
is  now  in  prison  owing  to  the  superiority  of  chromiura  steel  jail 
bars.  The  particular  manner  in  which  these  bars  are  made  is 
illustrated  by  Figs.  1  and  2. 
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A  similar  process  of  producing  carbon  steel  plates  and  bars, 
intermingled  or  welded  to  wrought  iron,  is  carried  out  by  several 
Sheffield  firms.  The  product  is  also  principally  used  by  safe- 
builders. 

The  New  British  Iron  Company  have  made  a  special  study 
of  composite  steel. 

Mr.  Baur.  in  his  early  specification,  described  his  method  of 
making  chromium  steel  by  means  of  chromium  iron,  mixed  with 
the  iron  or  steel  to  be  treated,  and,  like  other  experimentalists, 
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aimed  to  use  cliromium  as  a  steel-makiDg  element,  that  is^  to 
take  the  place  of  carbon,  and  "  that  the  metal  produced  derived 
its  steely  qualities  solely  from  the  metallic  chromium  present  in 
it,  and  not  from  the  carbon."  It  will  be  seen  from  the  experi- 
ments detailed  in  this  paper  that  this  view  was  incorrect,  and  that 
ehromium  alone  does  not  give  '*  steel-like  nature,"  that  is,  using 
this  term  to  describe  the  property  of  the  product  becoming  hard 
when  rapidly  cooled. 

It  was  not  until  about  1876  that  Baur  found  the  direct  alloying 
of  the  chrome  ore  with  the  iron  or  steel  under  treatment  was  so 
uncertain  as  to  render  the  product  of  little  value,  and  that  a  ferro- 
chromium  must  be  employed  to  ensure  a  reliable  result.  As 
before  pointed  out,  Berthier,  in  1821,  had  foreseen  the  import- 
ance of  the  production  of  a  regular  and  reliable  ferro- chromium, 
and  seeing  the  very  clear  manner  in  wliich  he  had  at  the  time  pm 
forward  his  reasons,  it  is  surprising  to  find  that  this  point  was 

'erlooked  by  Baur  and  others. 

M.  Brustlein'a  work  and  investigations— which  commenced  in 
1876 — respecting  chromium  steel,  are  so  well  known,  having  been 
communicated  to  this  Institute  in  1886,  that  it  is  not  necessary  to 
refer  specially  to  them  here.  His  views  on  certain  points  will  be 
dealt  with  at  length  in  other  sections  of  this  paper.  His  lirm^ 
Messrs.  Holtzer  &  Co.,  of  Unieux,  exhibited  at  the  Paris  Exhi- 
bition, 1889,  a  very  line  collection  of  tensile  and  other  test- 
pieces  (see  Table  XIV.).  Most  of  tliese  were  prepared  from 
chromium  steel.  As  they  do  not  appear  to  have  been  printed 
in  any  English  metallurgical  work  they  are  added  in  the  Table 
named.  Being  unaccompanied  by  any  analyses,  in  order  to  make 
the  record  more  useful,  perhaps  11.  Brustletin  may  see  his  way 
to-  complete  this  interesting  series  by  adding  the  chemical  com- 
position. 

These  and  the  tests  detailed  in  this  paper  would  then  put  on 
record  a  very  complete  set  of  tests  and  analyses  relating  to  the 
interesting  alloy  known  as  chromium  steeh 

Mr.  Sergius  Kern  of  St*  Petersburg  has  also  experimented  with 
chromium  steel,  and  quite  recently  an  excellent  paper  by  Messrs. 
Franklin  Hart  and  Julius  Calisch,  of  the  Stevens  Institute  of 
Technology,  gives  much  useful  information  on  this  subject. 
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The  fini  step  in  the  manufacture  of  malleable  aIIoj8  of  iron  and^ 
duomimii,  in  other  worda,  chimnitun  steel,  is  lo  oblain  reliable  and 
uniform  fefio-chromitinL  As  pointed  out,  attempts  were  at  first 
made  to  obtain  the  direct  combination  of  chromium  and  iron  bj 
meaos  of  chrome  ore  melted  along  with  or  added  to  the  molten 
bath  under  treatment.  But  this,  whether  with  the  cmcible  or 
other  process,  is  practically  out  of  the  question.  Baur's  eariijr 
attempts  were  in  this  direction,  but  until  he  bad  made  a  sal 
tory  ferro^hromium  no  success  was  achieved. 

Tl)e  production  of  ferro-chromium  is  accomplished  in  seTeral 
ways,  the  principal  of  these  being  the  crucible  and  the  blast 
furnace  methods.  The  former,  being  naturally  expensive,  is  con- 
fined to  making  material  of  very  high  percentages.  Several 
firms  manufacturing  chromium  steel  produce  their  own  ferro- 
chromium»  but  it  is  now  a  regular  article  of  commerce,  and  caa 
be  bought  in  varying  percentages  up  to  as  high  as  70  per  cent 
Percentages  even  as  high  as  80  and  84  have  been  obtained,  but 
only  experimentally.  The  cost  of  the  higher  percentage  is  still 
great,  but  no  doubt  if  a  large  demand  were  to  spring  up,  owing  to 
the  many  sources  available  for  obtaining  the  ore,  a  considerable 
reduction  could  be  made. 

Id  passing,  the  writer,  as  one  of  those  indebted,  would  liW 
offer  his  thanks  to  the  courageous  band  of  men  who,  at  much 
cost  and  labour,  have  perfected  from  time  to  time  the  manu- 
facture of  special  ferro-alloys.  The  steel -maker  would  not  to-day 
be  in  the  position  he  holds,  except  for  the  fruits  of  such  labours,  i 
One  does  not  often  hear  their  names  mentioned,  but  had  it  not 
been  for  their  help,  the  steel  industry  of  to-day  would  not  have 
progressed  so  rapidly,  or  have  been  so  advanced  as  it  now  is. 
Such  experifneutal  work  as  the  writer  and  others  have  carried  on 
from  time  to  time,  in  tlie  hope  of  determining  the  actual  pro- 
perties of  diilerent  elements  alloyed  with  iron,  would  have  b^i 
inipossible  except  for  the  assistance  of  these  workers*  ^M 

fng  with   Messrs,   D,  &   R.   Mushet,  we  then  haw 
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Ir.  Henderson,  who  worked  for  so  maoy  years,  and  laid  the 
foundation  of  the  present  successful  production  of  the  now  in- 
valuable alloys  of  ferro-manganese.  Ilia  labours  were  continued 
at  the  Terre-Noire  Works  by  that  progressive  band  of  metallur- 
gists— Messrs.  Euverte,  Pourcel,  and  Gantier,  and  eventually  by 
several  firms  in  this  country,  including  Messrs.  the  Darwen  and 
Mostyn  Co.,  the  Wigan  Coal  and  Iron  Co.,  and  others. 

In  silicon  and  silicon-spiegel  alloys,  the  work  has  been  ably 
carried  on  in  this  country  by  Messrs,  the  Darwen  and  Mostyn  Co., 
Darwen ;  Gjers,  Mills,  &  Co.,  Middlesbrough ;  Dixon  &  Co.,  Glas- 
gow ;  Mr.  Crossley  of  Glasgow,  and  Mr.  Hewlett,  of  the  Wigan 
Coal  and  Iron  Co. 

The  Darwen  and  Mostyu  Co*,  assisted  by  Mr.  Holgate,  has  also 
for  several  years  past  developed  the  manufacture  of  f erro-chroraium 
in  this  country;  whilst  abroad,  Biermann  of  Hanover  was  probably 
the  first  to  take  up  its  manufacture  about  1873. 

Later,  we  have  the  aluminium  and  ferro-aluminium  products, 
the  manufacture  of  which  has  beeu  brought  to  such  perfection  by 
Messrs.  Hall  &  Hunt  of  the  Pittsburgh  Eeduction  Co.,  the  Cowles 
Co.,  the  Aluminium  Co»,  and  others. 

Chrome  iron  ore  is  the  most  abundant  source  of  this  metal,  and 
is  found  in  the  Shetland  Isles,  Uist  and  Fetlar  ;  near  Portsoy  in 
Banffshire ;  the  Department  of  Var,  France ;  Silesia  and  Bohemia ; 
Greece,  Asia  Minor ;  the  Ural  Mountains ;  New  Caledonia,  where 
large  deposits  are  said  to  exist ;  Maryland,  U.S.A.;  Sydney,  N.S.W.; 
and  California.  The  latter  State  has  during  the  last  seven  years 
raised  about  15,000  tons,  valued  at  $270,000.  The  ore  contains 
about  40  per  cent,  to  50  per  cent  of  the  oxide.  It  is  found  in 
irregular  masses,  disconnected  and  embedded  in  the  country  rock 
in  varying  quantities.  The  American  mining  operations  of  this 
ore  are,  however,  reported  to  have  snflered  from  foreign  competi- 
tion since  1884,  and  are  becoming  much  less.  In  1888  that  country 
imported  chrome  ore  to  the  value  of  $46,000.  Large  supplies  now 
come  from  Asia  Minor,  wliere  it  is  mined  at  Brusa  and  Harm  an- 
jick,  about  sixty-five  miles  south  of  Pera,  The  deposits  there  are 
also  found  in  irregular  pockets,  contained  in  serpentine.  Boussin- 
gault  states  in  his  paper  to  this  Institute  that  chrome  ores  are 
always  mixed  with  considerable  amounts  of  ferrous  oxide,  10  to 
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20  per  cent  of  magnesia,  the  silica  and  alumina  being  usuallv 
under  ID  per  cent.  ^m 

Mr.  Pemberton/  in  a  paper  to  the  Columbia  College,  n.SjP^ 
in  March  1891,  mentions  that  according  to  the  State  mineralogiflt 

California,  large  quantities  of  chromite  beds  were  found  there, 
'existing  as  loose  and  fragmentary  rocks  in  the  ravines  and  on  the 
hillsides,  and  as  pockets  and  veins  on  the  mountains.  One  of  tha 
best  mines  is  situated  at  an  elevation  of  1800  feet  above  sea-level. 
The  sample  of  this  chromite  gave  the  following  analysis : — 
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3  52 


FoO. 
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MnO, 
015 


SlO,, 
340 
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Total. 
100*09 


lu  a  paper  read  at  the  Baltimore  meeting  of  the  American 
Institute  of  Mining  Endneers,  in  February  last,  Mr.  G,  F,  Kunz 
gave  some  interesting  information  and  analyses  of  a  Bohemian 
garnet  which  contained  chromium  oxide.  This  garnet  is  the  blood- 
red  pyrope  variety  (magnesia-iron-lime-alumina  garnet),  with  a 
hardness  of  7 '5  and  a  specific  gravity  of  3*7  to  3*8,  and  not 
the  purple  almandine,  which  is  an  iron-alumina  garnet,  witl^f 
specific  gravity  of  4  2,  The  following  are  the  most  importiOT 
analyses  published : — 
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r.  Klftproth,  ^*B««tr.  Chem.^Miii.."  17*37,  ii,  21  and  1810,  r.  ITL 
XL  Trolle-Wttclitmciit^r,  **  Vet.  Ak./'Stockli.,  ISfflJ,  2301 
IIL  Kobell,  *'Ka*tn,  Aicli.  Niit.  ,*' ix.  ^44. 
IV.  Mobcrg.     (Moberg  eirtimate*  the  ohromium  u  CrO  iu  Ibis  aiid  otber  p; 

In  a  recent  connimnication  to  the  writer,  Messrs,  Busek 
of  Vienna  offered  chrome  ore  coutdning  abont  08  per  cent,  Cr^O^, 
at  33s.  per  ton  f,o.b.  Orsova. 

M.  Boussingault,  in  the  paper  before  mentioned,  stated  that 
he  noticed  during  his  stay  at  Antioquia,  Central  America,  that 
chrome  ore  existed  in  abundance  in  the  land  on  which  smeltinjq 

•   "  Aimlywii  of  fc  Chromite/*  by  Mr.   H-  PembertoD,   jmir, 
Columbia  GaUege,  Chemical  SeotioD»  MArch  1S91. 


ALLOTS  OF  TKOir  AND  CHEOMItJK. 

Mb  were  there  built,  the  walls  of  the  houses  being  built  of  the 
dumoe  oie.  He  also  claims  that  chromium  pig  was  obtained 
there  from  the  blast  furnace  in  the  year  1867  by  a  company  who 
erected  a  forge  in  the  neighbourhood  of  Medellio,  in  the  province 
jiJit  referred  to  of  Central  America. 

I)r.  l*ercj%  when  speaking  of  magnetic  oxide  of  iron,  states  that 
ciiioQie  ironstone,  like  magnetic  iron-sand,  is  sometimes  met  with 
IB  a  limilar  state,  and  may  be  readily  mistaken  for  magnetic  iron- 
aaiui,  but  that  it  differs  from  the  latter  in  being  non-magnetic. 

It  is  stated  that  the  working  of  the  Ural  chrome  iron  ore  into 
ebomium  compounds  has  been  established  in  Russia,  owing  to 
the  efforts  of  M.  Ushakoff,  who  constructed  works  for  this  purpose 
00  due  river  Kama,  near  Elabougi,  where  as  many  as  2000  tons 
o(  ore  are  treated  yearly,  and  owing  to  which  the  importation  of 
dsromiiim  preparations  into  Russia  has  ceased. 

About  1872,  the  Tasmanian  Iron  and  Charcoal  Co.,  Ilfracombe, 
nm  L&uncestoD,  Tasmania,  produced  in  their  blast  furnaces  iron 
CQHtainijig  6  to  7  per  cent  chromium.  Samples  of  this  pig  iron 
tnaljscd  as  follows  :— 
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Totol 
per  Oeot. 

86*56  =   99*79 


Only  lecently  these  mines  have  been  again  prospected.  It 
ippem  that  these  large  deposits  of  brown  hematite  iron  ore  con- 
^  about  3  per  cent,  of  sesquioxide  of  chromium  and  but  little 
■Jphir  and  phosphorus.  They  have  been  described  by  Mr. 
Wd,  Goveniment  Geologist.  Mr.  H.  M.  Johnstone,  in  his 
''Creologr  of  Tasmania,"  speaks  of  this  deposit,  known  as  "  thoj 
HiiU,"  a£  being  very  large. 

The  following  analyses  are  stated  to  have  been  prepared  by 
Mn  Woodgate  in  1880  :— 
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Ilfracombe. 

River  Don. 

Sample 
No.  1. 

Sample 
No.1 

11-2 

2-0 

Trace  only 

Trace  only 

Trace 

79-8 

6-1 
•9 

Sample 
No.  2. 

8*mple 
No.  S. 

Volatile  on  ignition    . 

Alumina 

Sulphur 

Pboflphoms         .... 
Lime — Magnesia — AlkalicH 
Chromium  sesquioxide 
Sesquioxide  of  iron     . 
Peroxide  of  iron 

SUica 

Difference 

19-5 
16-8 

8-0 

42-5 

18-4 

1-3 

6-1 
5-8 

'8-4 

800 

4-8 

•9 

12-0 
2-4 

Traces 

70-8 

13-8 
1-0 

Totals 

1000 

100-0 

1000      1      100-0 

Analyses  of  Metallic  Iron  (Rooiffed  Ore  f  *)  reduced  from  Ilfracombe  Ores 
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Silica  (?) 

Graphite 

Chromium 

Sulphur 

Difference 


Totals 


Sample 
No.l. 

Sample 
No.  2. 

Sample 
No.  3. 

89-0 

3-2 

-7 

5-1 

2-0 

73-3 

19-9 

•8 

4-6 

•2 

1-2 

97-2 
•9 

Traces 

lb 

100-0 

100-0 

100-0 

Analyses  of  Slags. 


Silica  .       .       . 
Protoxide  of  iron 
Alumina      . 
Lim6  . 
Magnesia    . 
Difference  . 

Totals 


Sample    |   Sample       8am]>lc    I   Sample       S:impli3 
No.  1.  No.  2.     I     No.  3.      I     No.  4.     |     No.  5. 
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24-1 

27-1 
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28-8 

3-7 

36-2 

24-8 

3-2 

3-3 


1000 


33-5 

2-5 

26-6 
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2-1 

6-2 
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1-9 
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5-1 


1000 
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3:3-2 

2-0 
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*  It  ii  not  a]mu>  whether  they  refer  to  a  roasted  ore  or  a  badly  puddled  product 
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It  is  estimated  that  over  half  a  milKon  tons  (brown  haematite 
ore,  contaimng  about  3  per  cent  of  sesquioxide  of  chromium,  and 
varying  in  size  from  small  fiebbles  up  to  great  round  boulders  many 
tons  in  weight)  are  in  sight  on  the  surface.  The  mines  are  found  in 
the  district  known  as  the  Ironatoue  Hills,  near  the  Eiver  Tamar, 
at  Port  Lampriere.  They  are  near  to  the  Beacoosfield  Gold 
Mine,  which  to  date  hag  yielded  over  400,000  ounces  of  gold, 
valued  at  over  a  million  and  a  half  sterling.  Uufurtunately,  the 
chrome  ore  mines  proved  anything  but  a  gold-mine  to  the 
Tasmanian  Iron  and  Charcoal  Co.,  who  some  fifteen  years  ago 
erected  coke-ovens  and  a  blast  furnace,  after  Scotch  designs*  This 
was  principaUy  owing  to  the  unfortunate  (to  them)  property  pos- 
sessed by  chromium  of  converting  all  the  carbon  present  into  the 
combined  form.  No  other  product  could  be  obtained  except  a 
hard  white  pig  iron,  which  was  of  but  little  use  for  foundry 
purposes,  and  could  not  be  puddled  or  made  into  steel.  The 
company  came  to  grief,  but  several  hundred  tons  of  the  pig  iron 
were  shipped  to  England,  and  as  an  alloy  its  use  was  found  bene- 
ficial for  special  purposes.  These  experiments  are  referred  to 
when  considering  the  qualities  of  chromium  steel. 

The  Tasmanian  deposits  being  on  such  a  large  scale,  it  may  he 
interesting  to  give  a  description  of  them. 

The  Ilfracombe  deposit  is  certainly  a  remarkable  one,  and  the 
geologist  may,  from  the  following  description,  form  some  idea  as  to 
the  origin  of  this  particular  formation. 

The  Tasmanian  ironstone  Hills,  as  they  are  called,  are  believed 
by  Mr.  Gould,  the  Government  Geologist,  to  be  of  Lower  Silurian 
age.  He  states  that  the  rocks  of  the  district  are  contorted  slates, 
sandstones,  and  limestones.  In  the  immediate  vicinity  of  these 
deposits  is  a  great  mass  of  serpentine,  varying  through  all  shades 
of  grey  to  green  in  colour,  and  containing  many  thin  veins  and 
bands  of  asbestos  and  magnetite.  In  several  of  these  rocks  there 
are  extensive  surface  outcroppings  of  ironstone,  pointing  to  the 
existence  of  large  deposits  of  hematite  or  magnetic  ore  beneath. 
The  Ironstone  Hills,  rising  to  about  100  or  150  feet  above  the 
level  of  the  river  close  by,  are  easily  distinguishable  from  the 
surrounding  undulating  wooded  country  by  the  deep  red  colour  of 
the  soil,  and  the  pieces  of  ironstone  range  from  the  size  of  small 
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pebbles  up  to  great  rouuded  boolders,  many  tons  in  weigbt" 
which  all  the  surface  is  covered.  In  each  case  the  largest  of  these 
boulders  are  found  near  the  summit  of  tlie  hill,  where  they  are 
often  heaped  on  one  another,  or  protrude  in  great  masses  from 
the  surrounding  soil,  which  has  been  obviously  formed  by  their 
destruction.  The  blocks  mostly  "weather"  into  round  masses, 
and  develop  a  conglomerate  structure  on  the  outside,  suggestive 
of  small  fragments  or  pebbles  of  haematite  cemented  together  by 
ferruginous  earthy  matter,  and  on  breaking  some  of  these  small 
pebbles  they  show  a  well-marked  concentric  structure  with  earthy 
ochre  in  the  middle.  The  flat  between  the  two  hills,  and  the 
underlying  serpentine  for  many  miles  around,  are  also  covered  by 
a  drift  of  ironstone,  which,  near  the  flanks  of  the  hill,  is  two  or 
three  feet  in  depth,  containing  small  lumps  and  pebbles  of  brown 
hiematite,  apparently  derived  from  the  deposits  themselves.  Fur- 
ther away,  where  the  drift  is  only  a  few  inches  deep,  it  consists 
maiuly  of  irregular  lumps  of  fibrous  magnetite  of  great  purity,  the 
largest  lumps  running  up  to  15  or  20  lbs.  each  in  weight.  These 
seem  to  have  been  derived  from  the  disintegration  of  small  veins 
in  the  serpentine  itself.  fl 

In  Mn  Johnstone's  "Geology  of  Tasmania,"  certain  portions^ 
the  deposits  just  described  are  stated  to  have  analysed  as  follows : — 

Protoxide  of  iron 30*647 

S«aqiii oxide  of  Inm 63*151 

ToUi 96*6&8 

Difference  of  aiumiaA,  silica,  aud  water  .         .  3*302 

Inpfttti         .....       100*000 

The  total  metallic  iron  present  ia  therefore  70  per  cent., 
per  centw  of  which  exists  as  protoxide,  and  47  per  cent,  as  sesqui- 
oxide.  In  this  case  no  mention  is  made  of  the  sesquioxide  of 
chromium.  Probably  the  above  samples  are  taken  from  t^ 
deposit  of  ordinary  iron  ore  existing  close  by.  H 

The  chrome  ore  obtained  at  tliese  mines  ia  valued  at  about  5s. 
per  ton  at  the  mine,  and  it  is  estimated  that  delivery  could  be 
efiected  to  this  country  for  about  15s.  to  203,  per  ton. 


ALLOYS  OF  IRON  AND  CHROMTTM. 


69 


Production  op  Ferro-Chro?hium  by  the  Crtjcible  Process. 

M.  Boussingault  refers  to  a  report  by  M  EoDand,  who  stated 
that  in  1869  ferro-chromium,  21  to  20  per  cent,  had  first  been 
pi^uced  by  Mr,  Baur,  of  Brooklyn  (N,Y.),  who  mixed  chrome  ore 
according  to  his  patented  process.  The  cliromium  was  reduced 
from  the  serpentine  of  Haboken  and  Newhaveo,  the  ore  beinjj 
reduced  to  a  fine  powder,  mixed  with  6  to  8  per  cent,  of  charcoal 
or  pure  anthracite,  and  a  certain  quantity  of  flux,  containing 
calcium  or  sodium  fluoride,  to  which  lime  or  borax  was  added. 
This  mixture  was  then  melted  at  a  high  temperature  in  plumbago 
crucibles,  and  a  ferro-chroraium  was  obtained  of  percentages 
varying  from  21  to  46. 

In  1875  Mr.  Sergins  Kern  of  St.  Petersburg  is  stated  to  have 
obtained  a  74  per  cent,  ferro-chromium  by  melting  in  the  crucible 
chrome  ironstone  from  the  Ural  Mountains  along  with  charcoal. 
In  the  same  year  M.  Brustlein  manufactured  this  material  at  the 
Unieux  Works,  and  he  has  in  more  recent  years  produced  samples 
of  ferro-chromium  containing  as  much  as  84  per  cent,  chromium 
and  11  per  cent,  carbon.  Full  analyses  of  the  difTerent  specimens 
will  be  found  in  Table  XIII.  This  rich  ferro-chromium  has  to  be 
made  from  specially  prepared  Cr^Og,  which  adds  very  much  to  the 
cost  as  compared  with  the  lower  percentage  material  made  in  the 
blast  furnace.  For  example,  by  the  latter  system.  28  to  30  per 
cent,  ferro-chromium  has  been  sold  at  £25  per  ton,  whilst  the  66 
to  70  per  cent,  material,  prepared  in  crucibles,  ranges  from  £90  to 
£100  per  ton.  Mr.  Reich wald  has  supplied  some  of  this  rich 
material,  importing  it  from  Germany.  Messrs  Stevenson,  Carlile, 
and  Co.,  of  Glasgow,  under  Park*s  patent,  have  also  made  ferro- 
chromium  up  to  90  per  cent,  but  as  yet  only  on  a  small  scale. 

The  writer  made  some  experiments  eight  or  nine  years  ago, 
which  prove  how  comparatively  easy  is  the  partial  reduction  of 
chromium  from  the  ore.  About  40  lbs,  of  ordinary  No.  1  haematite 
pig  iron  was  melted  in  a  crucible,  and  to  this  amount  was  gradu- 
ally added  20  lbs.  of  chrome  ore,  stirred  in  during  a  period  of  an 
hour  and  a  half.  The  result  gave  a  chromium  pig  iron  containing 
4'37  per  cent,  of  chromium.     The  grey  iron  was  entirely  changed 
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in  its  character,  now  showing  an  almost  Spiegel  fracture. 
weight  of  15  lbs.  of  chrome  ore  produced  a  similar  effect,  but  10 
lbs.,  curious  to  say,  the  experiment  being  twice  repeated,  did  not 
change  the  grey  nature  of  the  pig  iron,  nor  was  any  chromium 
reduced.  ■ 

It  has  been  stateii  *  that  Swedish  ferro-chromium  made  by  tl? 
Lyrholm  Co.,  (50  to  70  per  cent.  Cr,  contains  a  less  proportion  of 
carbon  than  other  makes,  but  ibe  writer  baa  not  had  the  oppor* 
t unity  of  confirniing  this.  The  Wittenstrom  system  of  furna 
employed  by  them  as  aflbrding  a  specially  high  heat 
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Vosmaer's  recent  work  and  resume  of  metallurgical  progr 
gives  interesting  information  on  this  subject.  He  points  out  that 
chromium  is  not  easily  reduced  in  the  blast  furnace,  except  at 
high  heats,  the  practical  limit  of  the  chromium  in  the  ferro-alloy 
by  this  means  so  far  having  been  not  more  that  40  per  cent,  though 
theoretically  65  per  cent,  should  be  obtainable.  Chromium  ore 
usually  contains  from  50  to  60  per  cent.  CrjO^,  and  about  20  per 
cent  FeO.  The  quantity  of  fuel  consumed  is  even  higher  than 
that  used  in  the  manufacture  of  rich  ferro-manganese.  As  much  as 
three  tons  per  ton  of  alloy  produced  are  required ;  hot  blast  and  high 
pressure  are  also  essential.  As  is  well  known,  chromium  con- 
siderably raises  the  limit  of  carbon  saturation,  whether  the  ferro- 
chromium  is  made  in  the  crucible  or  in  the  blast  furnace,  and  even 
more  so  than  manganese  in  the  case  of  spiegel  or  ferro-manganese* 
Whilst  the  highest  quantity  of  carbon  present  in  ferro-manganese 
has  probably  never  exceeded  7  per  cent.,  the  Adonr  (St.  Chamond) 
65  per  cent  ferro-chromium  exhibited  at  Paris  in  1889  actually 
contained  12  per  cent,  of  carbon,  which  is  always  present  in  the 
combined  state.  The  writer  has  in  several  ways  tried  to  produce 
graphitic  carbon  in  ferro-chromium,  such  as  by  extremely  slow 
coolingi  also  by  adding  graphite  to  molten  ferro-chromium,  but 
unsuccessfully.     It  is  no  doubt  partly  owing  to  this  pecoliarity, 

*  Stahl   und  Eiten,  Jaouary  1888,    "On   the   Swedish   Production  of  CbromimBi 
AUoya*" 
f  "The  Meohftoieal  and  other  Propcrtiei  of  Iron  and  Steel,"  by  A.  Voimfter. 
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that,  as  in  the  case  of  white  iroDj  where  the  carbon  is  iu  the 
combined  forii),  solidification  takes  place  very  rapidly  and  the 
metal  soon  chills.  No  doubt  its  freezing-point  is  considerably 
higher  than  that  of  grey  iron. 

Although  chrominm  ore,  under  proper  conditions,  is  readOy 
reduced,  its  oxide  does  not  easily  slag,  and  great  difiBcuIty  is 
experienced  in  producing  a  fusible  slag.  The  addition  of  large 
quantities  of  alkaline  carbonate,  fluor  spar,  borax,  or  lime,  is 
necessary.  Partly  for  this  reason,  all  attempts  to  puddle  chromium 
pig  iron  by  itself  have  so  far  been  unsuccessf^il,  as  the  highly 
refractory  slag  or  oxide  cannot  be  dissociated  from  the  metal.  As 
before  pointed  out,  tliere  are  excellent  deposits  of  iron  ore  in 
Tasniania,  but  as  they  contain  chromium  oxide,  the  chromium  in 
which  is  also  reduced  at  the  same  time,  the  pig  iron  produced 
has  not,  so  far,  possessed  any  commercial  value.  A  considerable 
quantity  of  this  material  was  brought  into  England  during  the 
year  1878,  and  Mn  Eiley  drew  attention  to  its  special  properties.* 
A  somewhat  noteworthy  point  was  the  high  sulphur  present, 
80  that  chromium,  unlike  manganese,  in  its  action  in  the  blast 
furnace,  does  not  expel  this  metalloid. 

Mr.  Eiley  found  in  puddling  a  charge  consisting  of  about  one- 
tenth  of  chromium  pig,  the  remainder  being  grey  forge  pig  iron, 
that  the  process  was  prolonged  The  chromium  was  found  in  the 
cinders  soon  after  all  the  pig  was  melted.  No  decided  eftect  was 
noticed  one  way  or  the  other  on  the  puddled  bars.  It  was  found, 
therefore  J  that  whilst  the  chromium  pig  by  itself  could  not  be 
puddled,  small  quantities,  mixed  with  ordinary  pig  iron,  did  not 
appear  to  materially  interfere  with  the  usual  process. 

It  was  also  stated  that  chromium  would  not  take  the  place  of 
manganese,  as  on  adding  chromium  pig  to  decarburised  iron  the 
resulting  ingots  crumbled  under  the  hammer  at  a  red  heat.  Seeing 
the  very  small  percentage  of  manganese  present  in  the  writer's 
samples,  the  foregoing  statement  requires  some  qualification. 

Mr.  Gilchrist  has  made  experiments  in  this  direction,  and  will 
no  doubt  give  his  experience. 

Dr.  Percy,  in  the  course  of  the  discusssion  on  Mr.  Riley's  paper, 
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aaidj  "  Some  years  ago  he  had  found  in  Russian  black  sheet  iron 
"033  per  cent,  of  chromium/'  but  such  a  small  amount  could  have 
little  effect. 

The  Tasmanian  material,  being  useless  for  puddling  purposes, 
proved  to  be  rather  a  white  elephant  until  certain  steel-works 
found  that  their  material  was  improved  by  its  addition,  and  that 
axles  made  of  the  ordinary  composition  which  would  not  pass  the 
drop  test,  would  successfully  do  so  when  the  steel  was  alloyed 
with  a  suitable  percentage  of  chromium.  Professor  Arnold's  in- 
teresting paper  to  the  Institution  of  Civil  EDgineers,  referred  to 
later  on  in  this  paper,  gives  full  details  of  the  tests  and  results. 

Continuing  the  information  respecting  the  methods  of  pro* 
ducing  feno-chromium,  the  following  will  probably  be  of  service, 
as  it  embodies  the  latest  and  best  practice. 

It  has  been  found  that  the  reduction  of  chromium  from  its 
oxides  is  not  so  difficult  as  that  of  manganese  from  its  oxides, 
that  is,  the  simple  deoxidation  is  less  difficult,  due  probably  to 
the  affinity  between  the  metal  and  oxygen  being  weaker*  Not- 
withstanding this,  the  production  of  ferro-chroniium  of  high 
percentages,  such  as  30  to  40  per  cent.»  in  the  blast  furnace,  is 
more  difficult  than  tliat  of  80  to  H-i  per  cent,  ferro-manganese,  and 
requires  ninch  more  fuel.  This  seems  to  arise  from  the  fact  that 
the  ferro-chromium  requires  considerably  higher  temperature  for 
its  fusion,  and  also  through  tlie  practical  necessity  of  allowing 
little  or  no  oxide  of  chromium  to  get  into  the  slag.  It  has  been 
found  that  if  the  slag  contained  much  oxide  of  chromium,  or  even 
as  low  as  5  per  cent.,  the  metal  would  not  be  sufficiently  fluid  to 
flow  from  the  furnace.  It  has  been  suggested  that  tlie  presence 
of  the  slag  containing  much  oxide  of  chromium,  in  contact  \iith 
the  fused  metal,  tends  to  decarbonise  or  desiliconise  it,  and  so  to 
decrease  its  fusibility.  This,  indeed,  is  only  surmise;  but  if 
correct,  it  shows  that  chromium  resembles  iron  in  its  character 
rather  than  manganese.  It  appears  to  be  a  fact,  however,  that  in 
order  to  obtain  ferro-chromium  thoroughly  molten  in  character, 
large  quantities  of  fuel  must  be  used,  and  that  the  reduction  of 
the  oxide  of  chromium  must  be  nearly  or  quite  complete.  In  the 
case  of  ferro-manganese,  and  even  with  ordinary  spiegel,  the  reduc- 
tion of  the  oxide  of  manganese  is  never  anything  like  complete; 
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more  than  80  per  cent  of  the  total  of  maDganese  in  the  ore  is 
seldom  obtained  in  the  metal  Usually,  however,  oxide  of  man- 
ganese fluxes  readily  into  the  slag,  whereas  it  is  extremely  difficult 
to  flux  oxide  of  chromium. 

These  differences  in  the  character  of  the  oxides  of  the  two 
metals  probably  account  for  their  diEferences  of  behaviour  in  many 
of  the  operations  in  which  they  are  concerned.  Mr.  Holgate,  a 
member  of  this  Institute,  who  has  done  so  much  to  perfect  the 
reduction  of  ferro-alloys,  informs  the  writer  that  some  years  ago 
he  made  a  crucible  experiment  to  arrive  at  the  degree  of  the 
reducibility  of  Cr^O^.  He  used  a  mixture  of  iron  and  manganese 
as  well  as  iron  and  chrome  ore,  with  carbon  and  flux,  and  found 
that  practically  all  the  iron  and  chromium  were  reduced,  but  in  the 
other  case  only  about  two-thirds  of  the  manganese  was  found* 

Referring  to  blast  furnace  practice  for  the  production  of  40  per 
cent,  ferro-chromium,  it  has  been  found  that  even  more  than  three 
tons  of  coke  per  ton  of  ferro-chromium  are  required,  and  much 
experience  is  necessary  before  this  higlier  percentage  can  be  suc- 
cessfully produced.  By  experts  it  has  been  thought  that,  though 
ferro-chromium  of  the  higher  percentages  can  be  made  in  the  blast 
furnace,  it  is  hardly  probable  that  60  per  cent,  will  be  reached — at 
any  rate,  not  with  the  ordinary  chrome  iron  ores.  High  per- 
centages would  also  require  very  high  temperatures  of  blast,  say 
1500**  or  1600"  F.,  so  as  to  produce  the  necessary  temperatures  for 
fusion.  It  has  also  been  pointed  out  that  in  chrome  iron  ores 
containing  one  equivalent  of  Cr^O^  and  one  of  FeO,  the  theore- 
tical limit  would  be  ^7  per  cent,  of  chromium  only,  as  the  metal 
would  probably  not  contain  more  than  90  per  cent,  of  chromium 
and  iron.  The  limit  w^ould  no  doubt  be  still  lower  than  this,  as 
the  ash  of  the  coke  always  contf^ins  some  iron,  and  this  would  con- 
tribute to  the  raising  of  the  total  of  elements  other  than  chromium. 

Ferro-chromium  of  35  to  40  per  cent.,  although  very  liquid 
when  tapped,  and  possessing  a  far  higher  temperature  w^hen  being 
run  from  the  blast  furnace  than  80  to  84  per  cent  ferro-man- 
ganese,  solidifies  very  quickly.  A  proof  of  the  high  temperature 
is  the  fact  that  the  moulding  sand  in  the  pig  beds  when  in  contact 
with  the  metal  becomes  pitted  and  almost  fused — in  fact,  can  only 
be  separated  with  difficulty.     In  lower  ferro-chromium,  10  to  20 
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per  cent*,  these  special  characteristics  are  not  so  marked,  either  as 
regards  difficulty  of  fusion  or  the  amount  of  coke  required.  Slags 
containing  chromium  are  usually  yeUowish-brown  on  the  surface. 
It  has  been  stated  that  some  of  the  ferro-chromium  pro- 
duced on  the  Continent  is  made  by  mixing  a  good  quality  of 
Bessemer  slag  with  the  chrome  ore.  Details  of  this  are  given  in 
Appendix  D. 

Crystallisation  of  FEKKO-CHROitiUM, 

Brnstlein*s  ferro-chromium,  of  which  he  showed  an  exoelle&t 
collection  at  the  last  Paris  Exhibition,  was  very  varied  in 
crystallisation  and  percentage.  It  contained  as  high  as  84  per 
cent  chromium,  and  some  showed  as  high  as  11  per  cent*  carbon. 
As  regards  the  40  to  70  per  cent,  specimens,  those  highest  in 
ehromiuui  were  not  necessarily  so  as  regards  carbon ;  in  fact,  there 
seems  to  be  no  fixed  rule  as  to  huw  the  proportion  of  the  latter 
ia  regulated. 

Some  alloys  of  curious  composition  were  exhibited,  one  sample 
with  48  per  cent,  chromium  and  8  per  cent,  carbon  having  also 
17  per  cent,  of  silicon.  This  alloy  is  stated  to  have  been  specially 
brittle,  thougli  brittleness  is  more  or  less  the  characteristic  of  all 
ferro-chromium.  Full  analyses  of  the  different  productions  of 
ferro-chromium  are  given  in  Table  XIII. 

As  regards  crystallisation,  law  chromium  pig  iron,  if  cooled 
quickly,  has  a  slight  resemblance  to  spiegeleisen.  The  higher 
percentages  have  a  marked  character  of  their  own,  either  of 
acicular  structure  or  having  crystals  with  small  facets.  This  is 
specially  noticeable  in  certain  qualities  of  ferro-chromium,  and 
is  probably  to  some  extent  regulated  by  the  nite  of  cooling.  The 
needle  formation  takes  place  very  suddenly.  M.  Brustlein  tells  of 
a  case  where  a  part  of  the  contents  of  the  crucible  having  been 
accidentally  upset  on  the  floor  of  the  furnace,  this  needle  forma- 
tion was  very  apparent  during  cooling,  M.  Vosmaer,  in  his  book 
before  referred  to,  says  that  the  higher  the  carbon  the  more  marked 
is  the  acicular  structure. 

Although  ferro-chromium  is  brittle,  to  show  how  much  this  is 
owing  to  the  high  percentage  of  carbon  usually  present,  M. 
'    "   •.  f  .>...\^,^r  to  a  71  per  cent,  ferro-chromium,  contai: 
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only  3*45  per  cent  carboo,  stated  it  to  be  very  decidedly  less  brittle 
than  a  similar  material  coutainiag  6  to  7  per  cent,  carbon.  Its 
fracture  showed  small  facets,  and  was  not  acicular  io  atructure. 
Moreover,  it  would  not  scratch  glass.  Here  is  a  remarkable  proof 
of  an  alloy  containinj^  70  per  cent,  chromium  being  dependent 
upon  its  carbon  cooteDts  for  extreme  hardness.  It  is  a  cuiious 
confirmation  of  the  fact  that  in  all  steel  and  ferro  alloys^  carbon 
is  essential  to  produce  hardness.  M.  Brustleia  also  points  out 
that  the  fracture  of  ferro-chromium  difiFers  rather  according  to  its 
contents  of  carbon  and  silicon  than  to  that  of  chromium.  He 
says  it  is  very  difficult  to  determine  at  sight  the  proportion  of  the 
chromium  present,  and  whether  it  is  saturated  with  carbon  or  with 
carbon  and  silicon.  When  strongly  charged  with  carbon  or  with 
carbon  and  silicon,  it  always  1ms  a  tendency  towards  acicular 
structure,  and  is  hard  and  brittle,  but,  as  the  proportions  of  these 
two  metalloids  diminish,  the  hardness  and  brittleness  of  the  alloys 
grow  less. 

Magnetic  Pkoferties  of  Fereo-Cheomium. 

Various  statements  are  made  respecting  the  magnetic  properties 
of  ferro-chromium.  The  following  observations  by  the  writer  were 
confirmed  by  Mr.  Ilolgate,  of  the  Darwen  and  Mostyn  Company: 
— Ferro-chromium  of  8  and  28  per  cent,  is  readily  attracted  by 
the  magnet ;  that  containing  44  per  cent  is  only  attracted  slightly 
in  balk,  but  when  in  small  pieces,  or  in  a  powdered  state,  the 
material  is  strongly  affected ;  66  per  cent,  is  not  attracted  in  bulk, 
but  when  in  a  powdered  state  it  is  attracted,  though  only  slightly, 

M.  Brustlein  has  stated  that  71  per  cent,  ferro-chromium,  con- 
taining 3'45  per  cent,  carbon,  is  strongly  attracted,  but  that  he 
had  observed  that  other  samples  containing  similar  percentages  of 
chromium,  but  with  higher  carbon,  were  7iot  sensibly  affected.  ,  He 
considered  that  the  amounts  of  carbon  and  silicon  principally  in- 
fluenced the  magnetic  characteristics.  As  just  named,  the  writer 
has  found  that  66  per  cent,  ferro-chromium,  containing  about  7 
per  cent,  carbon,  though  not  attracted  when  the  material  is  in 
bulk,  is  slightly  so  if  reduced  to  fine  powder.  Any  observations, 
therefore,  on  the  magnetic  qualities  of  ferro-alloys  should  be  accom- 
panied by  a  statement  as  to  the  nature*of  the  samples  tested. 
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Use  of  Ferro-Chromium  in  Cast  Iron. 

As  regards  the  use  of  cliromium  as  an  addition  to  cast  iron, 
there  does  not  seem  to  be  a  probability  of  any  large  applicatioo. 
It  confers  hardness,  not  per  se,  but  owing  to  the  property  it 
possesses  of  driving  the  carbon  present  into  the  combined  form. 
It  might  be  worth  while  to  see  whether  an  intermediate  quality  or 
percentage  below  that  at  which  the  chromium  present  retains  the 
carbon  in  the  combined  form,  would  be  of  service  for,  say,  chilled 
rolls  and  other  special  purposes.  Certainly  tho  extreme  hardness 
it  confers,  if  it  could  be  properly  coutrollod,  would  be  usefuL 
There  may  also  be  some  intermediate  point  where,  possibly  by  the 
addition  of  a  small  percentage,  a  useful  increase  in  transverse 
strength  would  result,  but  the  percentage  mnst  not  be  sufficient 
to  cause  all  the  carbon  present  to  take  the  combined  form,  or  the 
result  would  be  a  brittle  material.  The  matter  has  not  yet  been 
investigated  as  it  deserves,  and  it  is  not  wise  to  make  any  general 
assertions  in  the  absence  of  fuller  evidence.  Mr.  Keep  of  Detroit, 
Mich.,  who  has  done  so  much  good  work  in  alloys  of  cast  iron, 
may  perhaps  take  up  this  question. 

In  ferro-chrumium  or  chromium  pig  iron,  the  whole  of  the 
carbon  present  is  in  the  combined  form. 

Molten  chromium  pig  iron  of  low  percentage  does  not  scintillate 
like  molten  white  iron  of  similar  carbon  contents;  it  runs  "dead,** 
notwithstanding  the  lowness  or  absence  of  silicon. 

Attention  is  drawn  to  the  specific  gravities  of  the  different 
chromium  steels  and  ferro-chromiums.  The  higher  percentages 
of  the  latter  give  somewhat  lower  results  than  would  have  been 
expected,  seeing  that  the  specific  gravity  of  the  metal  is  stated  as 
being  77. 

Before  proceeding  to  describe  the  results  of  the  writer's  experi- 
ments, the  following  list,  showing  the  tables  and  diagrams  referred 
to  in  this  paper,  may  be  of  service  i — 
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General  table  and  diftj^Tam  of  the  Uifftsreiit  tests  and  atialy- 

sea  of  the  chromium,  steed  described  in  the  paper. 
Comparison  of  elastic  limit,  tensility,  elon^^ation»  and  bend* 

ing  teals  between  chromium^  silicon,  aad  alununium 

steels. 
Bending  tests  of  cast  and  ibr^^ed  chromium  steel, 
Ooraprts^ion  test-e  of  chromium  steel. 
Comparison  of  compression  tests  between  chromium,  silicoa, 

and  aluminium  steels. 
Comparative  hardness  of  chromium,  silicon,  and  aluminium 

»let^ls. 
T)r»  Hopkinson'a  ring  experiment. 
Chromium  steel-wire  te^t 
Wate  r-frue  n  c  h  i  n g  te^ ts. 
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Tests  by  Messrs.  J.  Shipman  &  Co. 
Corrosion  experiments. 
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Manufacture  of  the  CeRomuM  Steel  Saiuples  Described 
IN  THIS  Paper. 

The  material  used  as  a  basis  was  good  wrought  iron  scrap  show- 
ing small  percentages  of  sulphur  and  phosphorus.  To  this  was 
added  varying  q^uantities  of  fen-o-chromiimi  coutaining  about  6 
per  cent,  of  carbon  and  66  per  cent,  of  chromium.  The  melting 
operations  were  carried  out  in  ordinary  clay  crucibles  as  used  in 
the  SheflSeld  steel  manufacture.  The  ingots  and  bending  strips 
were  poured  in  the  usual  manner.  The  former  were  2i  inches 
square,  and  were  afterwards  reduced  by  cogging  and  rolling  to  bars 
I J  inch  diameter. 

The  manufacture  of  these  alloys  was  not  easy,  owing  to  the 
refractory  nature  of  the  rich  ferro-chromium.  The  writer  has 
seen  pieces  of  rich  ferro- chromium  come  out  of  tlte  crucibles 
unmelted,  though  subjected  to  several  hours  of  the  most  intense 
heat  of  a  Sheffield  crucible  furnace.  If  the  temperature  is  allowed 
to  diminish  even  for  a  short  time,  the  contents  of  the  crucible  are 
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liable  to  become  solidified.  No  doubt  with  care  and  practice  this 
can  be  avoided,  but  it  is  a  considerable  difficulty.  The  contests 
of  the  crucible  require  repeated  stirring  to  ensure  thorough  mix- 
ture, and  great  care  has  to  be  taken  to  prevent  any  lowering  of 
the  temperature  during  this  operation.  As  is  also  proved  by  M. 
Osmond's  experiments  (see  Table  XI L),  tliere  is  considerable 
difficulty  in  fusing  rich  ferro-chromium. 

When  the  melting  operation  is  carefully  carried  out^  and  the 
heat  properly  maintained,  the  pouring  possesses  no  special  diffi- 
culty ;  in  fact,  the  product  is  as  fluid  as  other  alloy  steels,  but  cools 
rapidly — much  more  so  than  carbon  steeh  As  it  is  probable  that 
chromium  melts  at  a  higher  temperature  than  iron,  this  difference 
might  be  expected. 
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One  point  has  been  cleaily  proved — that  chromium  in  steel 
not  confer  soundness,  and  in  this  respect  its  action  differs  f] 
that  of  either  silicon  or  aluminium,  Beference  is  here  made  to 
malleable  chromium  alloys,  as  chromium  pig  irons,  or  at  any  rata 
those  of  lower  percentages  and  in  which  the  carbon  is  high,  are 
very  sound  and  free  from  honeycombs.  The  writer  has  made  steel 
containing  as  much  as  1"35  per  cent,  chromium  ('28  per  cent 
carbon),  which  "rose*'  badly  in  the  moulds.  Therefore,  at  any 
rate  in  these  malleable  compounds,  it  is  necessary  to  add  a  certain 
percentage  of  silicon  or  aluminium,  or  both.  Aluminium  does  not 
seem  to  act  so  powerfully  as  in  carbon  steels  (the  writer  here  ifl 
specially  referring  to  low  carbon-chromium  steels),  and  a  larger 
percentage  seems  requisite  to  produce  soundness.  It  is  difficult 
to  state  the  liighest  percentage  of  chromium  which  may  be  present 
without  conferring  soundness,  owing  to  the  fact  that,  as 
chromium  increases  in  the  samples  now  described,  so  does  the 
bon,  thus  obscurinfT  the  deductions.  Probably  even  3  or  4 
cent,  chromium  would  not  confer  freedom  from  honeycom* 
therefore  it  is  hardly  to  be  expected  that  a  satisfactory  and  per- 
fectly pure  chromium  and  iron  malleable  alloy  will  be  obtained. 
However,  the  comparatively  small  percentages  of  aluminium  and 
ailicon  required  do  not  materially  affect  the  product,  as  will  be 


ALLOYS  OF  IROJf  AND  CHROMICM. 


79 


I 


I 


seen  fi*om  the  mechanical  tests.  In  fact,  owing  to  an  error,  the 
samples  "  A "  to  "  G "  were  made  with  double  the  quantity  of 
alununium  intended,  about  *40  per  cent,  instead  of  *20  per  cent 
It  i3  probable  that  this  larger  amount  had  little  or  no  influence 
upon  the  tensility  and  ductility  of  the  specimens.  The  slight 
effect  of  small  quantities  of  aluminium  upon  the  mechanical  pro- 
perties of  iron  has  been  fully  proved  in  the  writers  paper  on 
aluminium  steel  The  additions  of  aluminium  were  not  con- 
tinued beyond  sample  "  G/'  the  carbon  and  silicon  present  being 
then  sufficiently  high  to  render  this  unnecessary. 

The  further  description  of  the  difl'erent  products  branches  into 
two  classes,  viz. : — 

A .  Chromium  steel  in  its  cast  state, 
^^^ft  £.    Chromium  steel  in  its  forced  state. 

A,  Cast  State, — As  will  be  seen  from  Table  L,  samples  have  been 
obtained  containing  as  high  as  16 "74  per  cent  chromium  ("  O  *'), 
but  this  material  is  only  partially  malleable.  Probably  this  is 
owing  to  the  carbon  (212  per  cent.)  being  so  high.  Specimen 
"N"  (15*12  per  cent.  Or)  was,  by  very  careful  treatment,  suffi- 
ciently maUeable  to  obtain  test  bars,  but  this  is  about  the  limit 
of  forgeability,  at  any  rate  in  the  presence  of  the  unavoidable 
amount  of  carbon  (179  per  cent.).  If  it  were  possible  to  obtain 
a  carbonless,  or  nearly  so,  chromium  steel,  no  doubt  forgeability 
vould  continue  to  as  high  a  point  as  in  manganese  steel  (22  per 
cent,  Mn). 

The  fractures  from  the  unannealed  ingots  show  no  special 
structure^  as  in  manganese,  silicon^  and  aluminium  steels,  when 
about  4  per  cent,  of  those  elements  was  reached  in  their  respective 
alloys.  Samples  **  A,"  *'  B,"  "  C"  and  "  D  *'  possess  an  open  coarse 
grain — even  annealing,  which  was  carried  out  in  the  usual  way,  but 
perhaps  not  to  a  sufficiently  high  temperature,  seeing  the  low  per- 
centage of  carbon  present  produced  but  little  eEfecL 

Sample  **E"  ("12  per  cenL  C.  and  '84  per  cent  Cr)  showed  a 
slight  alteration,  the  crystals  being  somewhat  finer.  Further 
changes  then  gradually  took  place,  and  when  sample  *'  I "  was 
reached  (*41  per  cent.  C,  3*17  per  cent,  Cr),  it  gave  a  *'hard  steel" 
fracture,  similar  to  that  of  good  *75  per  cent*  carbon  steel.    This,  by 
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annealing,  was  changed  into  a  close  fine-grain  structure.    It  would 
appear,  therefore,  that  chromium,  at  any  rate  up  to  1-50  or  2  per 
cent,  when  carbon  is  absent,  or  present  in  small  quantities,  h^ 
but  little  or  no  influence  upon  the  cr}^stallisation  of  the  i^H 
present.    This  refers  to  cast  specimens ;  the  forged  samples  beh^P 
in   a  slightly  different  manner,  the  change  in  the  size  of  ^^ 
crystals  occurring  with  a  somewhat  lower  percentage  of  chromi| 
This  characteristic,  as  regards  the  cast  specimens,  was  noticed  ! 
only  in  the  fractures  from  the  sections  of    the  2 1 -inch  square 
ingots,  but  in  those  from  the  cast  bending  pieces,  which  were  not 
more  than  1  inch  wide  by  ^%  inch  thick 

It  would  appear — and  this  is  important  to  bear  in  mind 
considering  the  crystallisation  of  this  steel — that  so  long  as  the 
carbon  is  about  '30  per  cent,  and  under,  the  effect  of  chromium 
upon  the  crystallisation  of  iron  is  only  small,  but  when  the  carbon 
is  present  in  higher  percentages,  its  action  is  different.  The 
chromium  then  acts  much  more  energetically,  or  perhaps  one 
should  say,  it  enables  the  carbon  present  to  act  more  energetically, 
upon,  and  to  combine  more  readily  and  iutiuiately  with,  the  iron. 
It  is  an  interesting  point  to  decide  whether  chromium  per  S€  has 
much  influence  upon  iron  (that  is,  carbonless  iron).  Judging 
from  the  writer's  tests,  its  action  seems  but  little  greater  than 
of  silicon  or  aluminium. 

The  exact  role  played  by  a  third  element  in  an  alloy  or  mixtur 
such  as  steel  is  a  complex  one.  It  is  one  of  those  metallurgical 
puzzles  in  wliich  the  help  of  the  Wise  Men  of  the  East  would  be, 
very  useful  ^M 

As  showing  the  powerful  influence  of  carbon,  and  that  cIot^ 
miura  is  not  in  itself  a  hardener  to  the  degree  often  supposed 
(this  has  been  naturally  so,  seeing  that  chromium  is  believed  to  be 
an  exceedingly  hard  metal),  M,  Brustlein  mentions  the  case  of  a' 
71  per  cent,  ferro-chromium  with  3  41  per  cent  carbon,  which  w« 
less  hard  and  brittle  than  a  similar  metal  containing  6  per 
carbon.  In  the  face  of  this  fact,  it  would  be  interesting  to  kno? 
%vhether  pure  chromium  is  really  the  hard  metal  described  in  ; 
text-books.  All  the  samples  of  so-called  chromium  metal 
mined  by  the  writer  have  been  found  to  contain  carbon, 
more  careful  examination  by  the  physicist  of  the  metal's 
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properties  would  prove  useiuL  This  lack  of  precise  knowledge 
pplies  to  many  of  the  elements,  and  it  seems  a  defect  in  scientific 
knowledge  to  have  doubts  upon  such  points.  Not  a  few  of  our 
data  as  to  the  exact  characteristics  of  several  of  the  important 
metallic  elements  seem  to  be  based  upon  results  and  experiments 
undertaken  when  both  knowledge  and  scientific  apparatus  were  in 
a  very  crude  condition. 

Samples  "  J,"  ''  K,"  "  L^  and  •*  II ''  (5  per  cent  to  15  per  cent. 
Cr.)  b«have  in  a  somewhat  similar  manner  to  "  I,"  but  "N"  and  "0  " 
(1^9J^_C.  and  15*12  %  Cr.  _  2-12  %  C.  and  16>74  %  Cr.) 

show  but  little  change  by  annealing.  Before  this  treatment 
they  are  Irard,  and  seem  to  possess  somewhat  of  the  nature  of 
badly  chilled  cast  iron.  The  percentage  of  carbon  being  so  high, 
they  (**  N  "  and  "  0  *')  behave  more  like  *'  cast  iron/*  a  species 
of  which  tliey  really  are,  being  non-malleable  and  of  but  little 
cohesive  strength. 

When  breaking  off  the  tops  of  the  unannealed  ingots,  similar 
characteristics  are  observed  regarding  the  point  at  which  the 
marked  changes  in  structure  and  strength  take  place.  Samples 
••  A  **  to  **  G  **  did  not  vary  much  in  their  toughness,  each  standing 
about  20  blows  with  a  16-lb.  sledge-iiammer,  and  requiring  one 
blow  of  a  steam-hammer  before  fracture  resulted.  But  after  tbia 
the  toughness  rapidly  diminished;  samples  "J*'  and  upwards 
requiring  but  one  blow  each  to  cause  fracture.  The  exact  degree 
of  toughness  possessed  by  the  respective  samples  is  better  and 
clearly  shown  in  Table  III.,  whicli  gives  the  results  of  bending 
tests  upon  annealed  and  unannealed  cast  and  forged  samples. 
Each  test  bar  was  1  inch  broad  by  /^  inch  thick. 

Annealed  cast  samples  "  A '*  to  **D''  bent  double  cold.  *'E'' 
and  "  F  "  bent  77°  and  76""  respectively  ;  probably  these  were  less 
owing  to  slight  flaws,  as  "  G  "  bent  double  cold.  Here  again  the 
dividing  line  between  the  tough  and  somewhat  brittle  cast  speci- 
mens seems  to  be  "G*'  (21  per  cent  C,  and  I'ol  per  cent.  Cr.), 
which  is  the  highest  cbroniium  alloy  of  those  samples  in  which  the 
carbon  is  under  '25  per  cent  This  seems  to  clearly  indicate  that 
the  rapid  diminution  in  ductility  in  samples  "  H  "  and  upwards  is 
owing  to  the  increase  of  carbon  rather  than  to  that  of  chromium. 

1892.— ii.  F 
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Samples  "  H ''  and  **  I  "  show  a  small  amount  of  touj^^hness,  but 
"  J  "  to  "  N  "  have  practically  none,  being  exceedmgly  brittle. 

Hardness. 

Both  annealed  and  naannealed  samples  up  to  "  H  "  are  easily 
filed.  After  this  hardness  rapidly  increases,  annealing  but  slightly 
modifying  this  property.  Samples  "L"  and  upwards  are  exceed- 
ingly hard,  and  could  scarcely  be  touched  with  the  best  file. 

Steel  similar  to  sample  "  L"  ('71  per  oent,  C,  9*18  per  cent.  Cr.), 
but  nntkout  chromium,  could  be  easily  filed  in  its  unannealed 
state,  that  is,  as  a  carbon  steel,  with  not  more  than  *78  per  cent.  C. 
It  is  also  safe  to  say,  that  if  the  carbon  in  sample  "  I "  were  not 
more  than  "25  per  cent.,  the  chromium  remaining  the  same,  that 
is,  918  per  cent,  this  steel  would  also  be  easily  filed.  It  is,  there- 
fore, clear  that  carbon  plus  chromium,  or  chromium  plus  carVm, 
whichever  way  we  look  at  it,  give  quite  a  different  product  in  an 
iron  alloy,  or,  as  M.  Osmond  suggests,  there  is  probably  a  definite 
compound  of  chromium,  iron,  and  carbon,  partially  dissolved  and 
partially  isolated,  according  to  the  percentages  present.  We  know 
that  '75  per  cent  carbon  steel  would  harden  energetically  in  water, 
therefore  it  seems  that  chromium  acts  as  a  son  of  spur  to  the 
carbon,  or  favours  the  formation  of  the  hardening  form  of  carbide 
of  ironj  and  even  without  the  intervention  of  the  ordinary  cooling 
medium,  water.  M,  Osmond,  to  whose  services  the  metallurgical 
world  owes  a  large  debt  of  gi-atitude,  has  so  fully  investigated  this 
question  for  the  writer,  and  in  his  usual  thorough  manner,  that  it 
is  unnecessary  to  deal  with  the  matter  more  fully  here.  His 
results  and  suggestions  will  be  found  added  as  a  report  to  this 
paper. 

Professor  Turner  of  Birmingham  has,  with  his  scleroraeterj 
kindly  made  for  the  writer  a  stjt  of  tests  as  to  the  hardness  oi 
these  chromium  samples  (Table  V.),  This  apparatus  might  with 
advantage  be  employed  more  widely  in  metallurgical  operations, 
enabling  comparisons  to  be  much  more  readily  drawn  between 
various  products.  Professor  Turner  having  also  determined  the 
hardness  of  the  author's  specimens  of  silicon  and  aluminium  steek, 
this  third  comparison,  chromium  steel,  is  specially  interesting. 

Owing  to  increased  wear  and  tear,  higher  speeds  of  machinery, 
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and  other  high- pressure  factors  of  modern  industries,  the  question 
of  relative  hardness,  as  bearing  upon  the  qtiestion  of  increased 
durability,  is  most  important ;  therefore  it  is  to  be  hoped  Professor 
Turner  will  continue  his  valuable  work  in  this  direction. 

We  are  now,  thanks  to  M.  H.  le  Chatelier.  and  to  Professor 
Roberts- Austen  in  this  country,  able  to  indicate  with  a  definite 
degree  of  accuracy  the  highest  temperatures  of  metallurgical 
operations,  instead  of,  as  formerly,  using  the  vague  terms  cherry 
red,  high  yellow,  or  other  indefinite  descriptions  of  heat.  These 
terms,  whilst  useful  enough  for  many  purposes,  are  often  mislead- 
ing, owing  to  the  diflerent  judgment  of  diflerent  observers. 

Is  it,  therefore,  too  much  to  expect  that  determinations  of  degrees 
of  hardness  should  also  be  approached  in  a  systematic  way  ? 
Professor  Turner  has  put  witliin  our  reach  a  valuable  apparatus, 
and  perhaps  the  Mechanical  Engineers'  "  Alloys  Research  Coin- 
mittee  "  might  add  an  examination  of  this  question  to  their  pro- 
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Professor  Turner's  tests  on  the  chromium  steel  samples  are 
described  in  Table  V.  and  Diagram  V.,  and  in  the  latter  a  com- 
parison is  plotted  between  chromium,  aluminium,  and  silicon 
steels,  in  which  their  similar  etfect  upon  iron,  as  regards  hardness, 
is  brought  out  very  clearly. 

From  the  diagram  it  is  fully  confirmed  that  chromium  per  se 
does  not  appreciably  harden  iron,  for  sample  **  H/'  containing  2  54 
per  cent,  chromium,  is  no  harder  than  silicon  or  aluminium  steel 
of  similar  percentage  in  their  respective  elements.  In  fact,  they 
diller  but  little  from  the  mild  steel  and  wrought  iron  tested  by 
Professor  Turner.  This  result  is  a  remarkable  confirmation  of  the 
comparatively  neutral  effect  of  chromium  upon  iron.  Thus  it  is 
clear  that  the  much  greater  hardness  of  samples  '*  J/'  "  K,"  and 
"  L,"  is  owing  to  tlie  higher  percentage  of  carbon  they  contain, 
and  not  per  se  to  the  chromium  present. 

The  apparent  discrepancy  in  sample  "  J  "  is  explained  by  the 
fact  that  Professor  Turner*s  assistant,  fiodiog  the  sample  harder 
than  expected,  heated  and  annealed  it  in  ashes.  This,  for  the 
reasons  stated  by  M.  Osmond  in  his  report  on  the  thermal  treat- 
ment of  the  different  samples,  contributed  to  increase  rather  than 
decrease  its  hardness. 
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The  staienjeDt  tbat  chroiijimn  does  not  materially  harden  iron 
is  not  in  itself  new,  as  M.  Brustlein  and  M.  Boussingault  have 
before  stated  tiiat  carbonless,  or  nearly  so,  chrominm  steel  did  not 
harden  wlieu  water-quenched;  but  the  manner  of  proving  it  so 
CQUclusively  has  probably  not  before  been  presented* 

M.  G.  IJolland  in  the  AimaUs  de  Chimic  for  1877  (voL  xiii. 
p.  152)  also  staled  that  chromium  would  not  take  the  place  of 
carbon  or  hardened  steel. 

It  is  noteworthy  that  whilst  chromium,  so  far  as  we  inaperfectly 
know  its  properties,  is  a  hard  metal,  yet  its  addition  in  the  absence 
of  carbon  does  not  produce  any  greater  hardness,  at  any  rate  up  to 
3  or  4  per  cent,  than  steels  of  similar  silicon  and  aluminium  per- 
centages. Cliromiuni,  therefore,  in  its  effects  upon  iron  as  regards 
hardness,  may  appropriately  be  claissed  along  with  most  of  the 
other  non-liardeiiing  elements  alloyed  with  tliJit  metal  Probably 
carbon  must  still  be  considered  to  be  the  only  true  hardener  of 
iron.  Even  manganese,  whilst  giving  great  increase  in  natural 
harduess,  does  not  confer  thmt  particular  quality  tliat  will  compare 
with  the  hardness  of  water-quenched  carbon  steeh* 

Iti  view  of  the  interesting  research  work  done  by  Professor 
Koherts- Austen  as  to  the  effect  produced  by  elements  of  certain 
atomic  volume  when  alloyed  witli  iron,  it  may  be  pointed  out  that 
tlie  atomic  volume  of  chromium  is  770,  and  of  manganese  6  DO,  iron 
being  7'20.  Thus  chromium  cornea  in  position  amongst  that  class 
of  elements  which,  Professor  lloherts- Austen  believes,  do  not 
harden  iron,  whilst  maoganesCj  being  below  the  atomic  volume  of 
iron,  is  in  that  class  which  are  believed  to  harden  iron.  Certainly 
a  4  per  cent  forged  manganese  steel,  when  cooled  quickly  in  air, 
is  brittle  and  hard,  whilst  a  4  per  cent,  chromium  steel,  provided 
the  carbon  is  low,  is  comparatively  soft  This  is  an  interesting 
confirmation  of  Professor  Eoberts- Austen's  theory,  though  it  must 
not  be  forgotten  that  a  12  per  cent  manganese  steel  behaves  in  a 
different  manner. 

B,  forged  Sialc» — ^The  ingots  were  fairly  clean  and  free  from 

•  Tlib  tietnurk  nifty  require  some  modifioation.     3kL  OstDOtid  is  now  inveBtigfttitig  tlie 

fjecnliar  prdpei-tiei  paues4ed  by  Mmpka  of  mang&neie  iteel  made  some  time  ago  in  tho 

writer'i  cxperimenti  oa  nHoy*  of  iron  and  maiignnesi* ;  that  Is,  the  bard  und  brittle  4  to 

'  Tier  cent.  aUoy,  And  in  wbich  the  carbon  itc  under  'M  per  c«nt.     But  in  any  ea««»  ev©n 

I  alloy  does  not  poiBeta  the  same  qualities  om  hardened  car  bun  stt^L 
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slag.  No  special  care  was  taken  in  their  treatment  except  as 
regards  the  hartler  products.  Samples  "  A  '*  to  "  F  "  were  reported 
as  working  similarly  to  ordinary  mild  steel  Ingot  '*  G''  worked 
a  little  harder,  bat  uo  trouble  was  experienced  with  any  of  the 
samples  up  to  '*  M;"  *'N  "  cracked  badly,  but  sufficient  material 
was  obtained  to  make  a  test-bar.  Ingot  **  0  "  (2-12  per  cent  C. 
and  16  74  per  cent  Cr,)  would  not,  however,  either  forge  at  a 
medium  or  low  heat,  and  sample  "  M  "  may  be  taken  as  the  highest 
limit  of  forgeability.  Should  it  be  found  possible  to  reduce  the  car- 
bon, then  with  care  probably  lugher  percentages  would  be  forgeable. 
From  each  sample  forged  bending  strips  4 J  inches  long,  by  yj^ 
inch  wide,  by  J  inch  thick,  were  prepared  Table  IIL  gives  the 
results  of  these  tests. 

Samples  "A"  to  '*G/'  both  in  the  unannealed  and  annealed 
condition,  bent  double  coLl, 

In  samples  **  H,"  '*  I,"  **  J,"  **  K,**  and  *'  L"  are  observed  curious  re- 
sults, for  it  13  found  that  whilst  the  annealed  samples  bent  double 
unbroken,  with  the  exception  of  "L,*'  which  bent  double  but 
broke,  the  unannealed  samples  bent  nil.  Such  a  marked  difference, 
leading  to  a  closer  examination,  showed  that  the  sample  bars,  being 
of  thin  section,  |  inch  thick,  had  become  hammer-hardened :  in  fact, 
they  were  almost  as  hard  as  If  water-quenched,  clearly  showing 
that  in  these  smaller  sections,  when  larger  percentages  of  chromium 
^nd  not  less  than  '35  per  cent  of  carbon  are  present,  quick  cooling 
^  followed  by  a  considerable  hardening.  Steel  with  the  same 
percentages  of  chromium  without  carbon  could  not  have  been 
hardened,  or  but  superficially,  by  the  most  rapid  cooling  in  water, 
and  much  less  could  hardening  have  been  caused  by  mere  contact 
with  the  forging  dies  or  hammer  faces. 

As  regards  the  mechanical  tests,  tensile  and  compression,  these 
are  fully  given  in  Tables  11,  III.,  and  IV,,  and  Diagrams  IL^  IIL, 
and  IV.  The  tensile  bars  being  of  the  same  dimensions  as  those 
described  in  the  writer's  papers  on  silicon  and  aluminium  steels, 
comparison  can  be  readily  made.  The  elongations  were  measured 
on  a  length  of  2  inches,*  and  upon  an  area  of  "50  square  inch. 

•  The  fi>Uowins^%  obtaiiiicd  from  the  resnlift  of  a  coriiiilertible  number  of  Admirttltj 
teats,  may  be  of  Herric«  when  comparing  elon^tJooB  dd  dtfftirent  Itsn^tbt  :— 
ElongAtion  per  ceot.  on  2  inchcn  x    'Jfi  —  elotigHtiou  on  8  inches. 
Do.  do.  8    do.     X1-S2  do.  2    do. 
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This  short  length,  of  course,  gives  higher  elongations  than  with  4 
inches  or  8  inches,  but  the  previous  tests  with  silicon  and  alu- 
minium steels  having  been  with  2-inch  lengths,  it  was  thought 
best  to  adhere  to  this.  A  Whitworth  testing-machine  was  used, 
and  special  care  was  taken  in  obtaining  the  records  of  the  perma- 
nent set  or  elastic  limit,  each  bar  in  the  case  of  the  harder  samples 
being  taken  out  of  the  machine  and  measured  in  a  Whitworth 
measuring  apparatus,  after  each  successive  increment  of  two  tons  of 
stress,  so  that  the  slightest  permanent  stretch,  if  any,  at  such 
stress  was  detected  and  the  yield-point  accurately  obtained.  As  a 
matter  of  fact,  in  the  Whitworth  machine  the  "  give  "  of  a  test-bar 
is  so  readily  apparent  on  the  indicating  dial  that  no  special  pre- 
cautions are  necessary,  at  any  rate  up  to  stresses  of  25  tons  per 
square  inch.  The  writer  was,  however,  specially  desirous  to  see 
if  chromium  per  se,  and  in  the  presence  of  small  percentages  of 
carbon,  does  really  raise  the  elastic  limit  so  much  as  is  believed. 
It  will  be  seen  that  it  does  not  do  so  in  the  annealed  samples,  as, 
with  the  exception  of  "  H/'  there  is  no  real  elastic  limit  higher 
than  20  tons  per  square  inch.  Probably  with  accurate  handling 
tliis  would  be  found  to  be  the  case  with  most  hard  steels  when 
annealed,  and  it  is  questionable  whetlier  the  high  elastic  limit  in 
samples  unannealed  or  partially  hardened  by  rolling  or  forging  is 
of  any  real  service.  Such  a  condition  seems  to  a  great  extent  to 
be  a  strained  or  partially  hardened  condition  of  the  outer  layers  of 
the  material. 

These  remarks  do  not  refer  to  samples  hardened  in  water  or  oil, 
or  by  other  quick  cooling.  Here  the  action  is  so  much  intensified 
that  a  different  set  of  circumstances  arises ;  probably  there  is  also  a 
chemical  change  in  the  material,  involving  an  entire  rearrange- 
ment of  molecular  structure.  This  interesting  question  will  be 
found  subsequently  dealt  with  at  greater  length. 

Fractures  from  Bars. 

From  each  of  the  rolled  bars  of  1|  inches  diameter,  from  which 
the  tensile  pieces  were  prepared,  small  samples  were  broken. 
Specimens  *'  A  "  to  '*  G  "  were  difficult  to  break,  the  bars  requiring 
nicking,  and  giving  somewhat  characteristic  fractures.     They  wer© 
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of  dark  fibrous  nature,  and  almost  black  in  appearance.  Sample 
"H**  (*39  per  ceut.  C,  2*54  per  cent.  Cr.)  was  the  first  to  break 
with  a  crystalline  fracture,  and  had  the  appearance  of  ordinary 
mild  steel.  A  rapid  change  then  occurred,  the  fractures  being 
hard,  and  of  fine  crystalline  structure.  With  the  higher  percen- 
tages the  structure  was  almost  porcelainic. 


Tensile  Tests, 


Tlte  tensile  tests  gave  intex*esting  results.  These  are  fully  shown 
in  Tables  I,  and  IL,  and  in  Diagranu  I.  and  IL 

Table  I.  gives  a  complete  record  of  the  tests,  including  analyses, 
specific  gravity,  mechanical  tests — both  tensile  and  bending — weld- 
ing and  hardness  tests.  Diagram  I.,  plotted  from  this  table,  gives 
graphically  the  mechanical  tests.  At  the  foot  of  this  is  also  plotted 
the  percentage  of  carbon  and  chromium,  so  that,  with  the  plot- 
ting of  the  mechanical  tests  immediately  above,  comparison  is 
readily  available.  The  curves  are  fairly  regular,  with  one  or 
two  exceptions,  which  are  unavoidable  in  experimental  work  of 
this  kind, 

Jitble  IL  and  Diagram  II.  give  comparisons  of  tensile  tests  be- 
tween forged  chromium,  silicon,  and  aluminium  steels.  It  will  be 
noticed,  up  to  a  certain  point,  how  closely  these  tests  resemble 
each  other.  As  regards  the  sample  with  5*19  per  cent,  chromium, 
its  behaviour  must  natiindly  be  expected  to  differ,  owing  to  the 
carbon  being  so  high— 77  per  cent.— as  compared  with  the  lowness 
of  carbon  in  the  silicon  aod  aluminium  samples.  The  first  three 
comparison  samples  up  to  li  per  cent,  show  how  slightly  dilFerent 
is  the  effect  produced  upon  carbonless  (or  nearly  so)  iron  by  the 
addition  of  similar  amounts,  respectively,  of  chromium,  silicon,  and 
alnminium. 

Altbough  chromium  steel  is  generally  credited  with  being  a  hard 
material,  it  will  be  seen  that  if  the  carbon  present  is  low,  its  hard- 
ness and  stifi'uess  is  but  slight  In  the  four  samples  **  A  *'  to 
**  D  **  ('22  to  ^57  per  cent.  Cn)  any  increase  of  tensile  strength 
between  the  unannealed  and  annealed  samples  may  be  set  down 
rather  to  sli^^ht  hammer-hardening  than  to  any  real  difference  in 
•  tensility. 
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It  is  important  to  prove  by  mechanical  tests,  as  these  now  do, 
that'  chromium  per  se  does  not  harden  iron.  It  shows  that  another 
aspiring  competitor  is  out  of  the  race  with  carbon.  In  the  writer's 
papers  to  this  Institute  this  has  already  been  proved  to  be  so  as 
regards  aluminium  and  silicon  steels. 

Practically  speaking,  chromium  steel  samples  "A,"  '*  B  "  "  C/*  and 
*'  D  "  do  not  materially  differ  from  the  first  four  aluminium  and 
silicon  steel  samples  ;  in  fact,  in  comparing  the  three  sets  it  will 
be  found  that  silicon  steel  has,  though  the  difference  is  compara- 
tively small,  the  highest  tensility,  aluminium  the  lowes^aad 
chromium  is  midway  between  the  two.  ^^^| 

The  chromium  tests  seem  to  divide  themselves  into  groups— 
•'  A  "  to  *'  G  ''  (22  to  1*51  per  cent.  CrO,  «  H  ''  to  *'  L  *'  (2*54  to 
918  per  cent.  Cr.),  "M"  and  "N"  (1113  and  15-12  ^ 
cent*  Or). 

It  may  be  stated  that  some  of  the  tests  in  the  higher  percentage 
material  having  given  apparently  anomalous  results,  repeat  anft- 
iyses  were  made  from  the  test-bars  themselves.  In  no  case  waa 
any  cross-marking  of  samples  found  to  have  occurred,  so  that  titt 
results  shown  may  be  taken  as  reliable.  ^ 

'*  A  "  to  "  E,"  in  which  the  carbon  is  low,  under  -20  per  cent, 
vary  but  little  in  either  tensility,  ductility,  or  elastic  limit.  In 
these  samples  annealing  causes  a  slight  lowering  of  the  tensiliij? 
and  elastic  limit,  and  raises  the  ductility. 

At  *'  F  *'  a  marked  chunge  takes  place,  showing  how  sensitive 
the  steel  to  the  action  of  carbon,  wiiich  has  increased  from  at 
'15  to  '25  per  cent.     The  tensility  increases  by  some  8  or  9 
and  the  elastic  limit  also  rises  considerably. 

From  this  point  the  region  of  hard  steel  is  reached  ;  the  ml 
mum  apparently  is  **  M/'  both  for  the  unannealed  and  annealed 
samples.     Specimen  **  J/'  with  a  tensility  of  74  tons  per  scfl 
inch,  is  reduced  by  annealing  to  55  tons. 

The  pronounced  action  of  annealing  is  clearly  shown  by  the 
great  reduction  it  produces  in  the  elastic  limit  Here  again,  one 
may  say,  when  speaking  of  unquenched  steel,  high  elastic  limits 
probably  show  a  strained  and  artificial  condition  of  material  which 
annealing  removes.  Indeed,  we  may  imagine  that  hardened  steel 
{that  is,  water  or  oil  hardened)  is  a  material  in  which  the 
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dies  are  in  a  state  of  intense  strain,  often  relieved,  in  the  case  of 

hardened  steel  projectiles,  by  the  material  spontaneously  nipturing 
itaclt  It  appears,  therefore,  that  any  materinl  to  be  used,  where 
sabjected  to  sudden  and  intense  strains,  should  not  be  in  the  con- 
dition of  having  a  high  elastic  limit.  If  heavy  gnns  were  made 
of  a  grade  of  steel  having  medium  tensility,  but  with  a  disre- 
pud  to  high  elastic  limit,  it  is  probable  that  less  failures  would 
occnr — in  other  words,  that  it  might  be  found  better  to  have  a 
h&rder  grade  of  steel  with  a  lower  and  natural  elastic  limit  ("  pri- 
mitive elastic  limit,"  as  Mr,  Krenzpointner  terms  it)  than  a 
nuldet  steel  in  which  a  higher  elastic  liqiit  is  obtained  by  means  of 
ttuiden  coolin^!,  and  which  is  probably  a  **  strained "  elastic 
hmi:. 

Sir.  Kttjuzpointner,  of  the  Pennsylvania  Eaiiroad,  Altoona,  Pa., 
n.S.A*  {Iron  Age,  19th  March  1891),  in  an  excellent  paper  re- 
ipecting  testing  materials,  points  out  that,  in  his  opinion,  more 
importance  than  is  ordinarily  imagined  should  be  attached  to  the 
determination  of  the  elastic  limit  in  iron  and  steel.  He  states 
that  in  a  tyre,  for  instance,  it  is  by  no  means  a  matter  of  in- 
difference whether  the  required  elastic  limit  be  obtained  by  cold 
roiling  or  by  chemical  constituents.  The  uncertainties  as  to  the 
dastic  limit  of  metals  can  be  largely  lessened  by  annealing  and 
tvefally  cooling.  He  considers  that  Krupp  has  highly  benefited 
by  A  thorough  understanding  of  the  corrective  influence  of  anneal- 
,d  slow  cooliiig.  The  nearer  the  elastic  limit  of  a  given 
,  ,  .cl  to  the  primitive  elastic  limit  when  it  leaves  the  mill,  the 
ttfcT  will  be  the  position  of  the  manufacturer,  other  things  being 
tqtial,  as  to  the  final  outcome  of  tliat  material  in  subsequent  ser- 
nee;  whilst,  if  the  product  departs  from  such  primitive  elasticity, 
tie  more  risk,  because  of  the  changes  liable  to  take  place  in  the 
material  under  the  influence  of  forces  which  would  not  change  the 
aetal  within  its  primitive  elastic  limit. 

The  writer  refers  to  these  opinions  somewhat  fully,  believing 
liiAi  many  of  the  "mysterious"  failures  that  occur  with  steel 
*-happi]y  they  become  less  and  less  frequent — have  arisen 
ibwigh  di?Teirard  of  the  principles  pointed  out  by  Mr.  Kreuz- 
pniDttj* 

That  chromium  steel  is  a  material  essentially  liable  to  structural 
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changes  b}-  thermal  treattuent  such  as  annealing,  is  clearly  seen  by 
the  results  of  the  tests  given  in  Table  IX. 

As  in  other  steel,  annealing  very  largely  reduces  both  the 
tensility  and  elastic  limit.  As  will  be  seen  from  some  of  the 
tests,  particularly  those  of  the  harder  ones,  annealing,  as  Mr 
Kreutzpointner  says,  has  a  tendency  to  put  the  metal  upon  its 
merits ;  in  fact,  to  destroy  any  artificial  hardness  and  to  restore  the 
equilibrium.  It  is  for  this  reason  that  the  water  or  oil  hardening 
of  large  masses  of  steel,  whilst  good  for  certain  purposes,  re- 
quires most  careful  attention,  so  that  the  strains  produced  may 
be  balanced  or  neutralised  in  such  a  manner  as  not  to  cause  the 
objections  so  pertinently  stated  by  the  American  engineer  named. 

In  comparing  the  tensile  and  bending  tests  (Table  11.)  of 
chromium,  silicon,  and  alnminium  steels,  the  special  difference 
hutweeu  the  effect  of  chromium  and  the  other  alloys  is  clearly 
brou^lit  out  by  chromium  steel  sample  **  J*"  (5*19  per  cent  Cr.)* 
Tim  forged  specimen  from  this  bent  double  cold,  notwithstanding 
jta  com|iaratively  high  percentage  of  carbon  (77  per  cent.),  whilst 
thii  MiliuQii  steel  (553  per  cent.  Si.)  would  not  bend  at  all,  and  the 
ittuiniiiium  sample  (5*60  per  ceut^  Al)  only  bent  16'  before  break- 
UiU'  Irt  btJlh  the  hater  cases  the  carbon  was  very  low  (-26  per 
oiMit.  luid  22  per  cent,  respeciivelyX  Thus  it  is  clear  that,  as 
*<'MHhU  rijuttnial  in  the  forged  and  annealed  condition,  much 
hlt(lMn  pMh  i»iitagcs  of  chromium  may  be  combined  witli  iron  before 
iMkll^lifiiii  uiHiiirp,  iiD  compared  with  the  two  other  elements. 

Wimt*  t«,  hnWHVcr,  not  such  a  marked  difference  between 
iihuiinUiiu  Mild  iihnuinmm  steels  in  their  cast  states.  The  formi 
li  n««riwhilv  tmiyhtii,  but  the  same  sample  •*  J*'  (5-19  percent.  Cr.), 
^hMi  bniiL  dtMilihi  yphl  j^  ^^  annealed  forged  condition,  will  not 
'♦»«l*d  itMU'M  Mhmi  :i  in  iu  annealed  cast  state;  therefore  in  this 
r«*|«uni  Mr  haw  Uiii  littk^  superiority  over  aluminium  sample  "  J  " 
(B'lla  pur  mm,  AL),  which  also  showed  no  bending  properties, 
ailiiinii  ttUml  l.tuvoiiuin  brittle  at  a  much  lower  percentage. 

CoMPRKssioK  Tests. 
Tabhi  IV.  Hiiil  Dittjiram  lU,  give  the  results  of  the  compressiolT 
_     *«,  and  l»ingram  IV.  shows  tiie  compartsan  of  compression  tests 
■    ret  a  i  hromiuin,  silicon,  and  aluminium  steels. 


ALLOYS  OF  IBOK  ANB  CHKOMItrM. 


91 


The  cliiomiura  steel  samples  "A"  to  "G"  (22  to  lal  p^r 
ceiiL  Cr*)  give  practicjiUy  the  same  resistance  to  compression  as 
the  silicon  and  aluminium  steels.  Sample  "  H  "  (2  "54  per  cent.  Cn), 
under  a  compressive  load  of  100  tons  per  square  inch,  shortened 
ibcmt  10  per  cent  less  than  the  silicon  and  ahiminium  steels  of 
eorresponding  percentages ;  but  in  the  case  of  the  chromium  steel 
it  must  be  borne  in  mind  that  the  percentage  of  carbon  present 
w»s  twice  as  much,  so  that  any  increased  resistance  must  be 
ittributed  to  the  eflect  of  the  latter.  Samples  ^'J/'  "  K,"  and 
**M'*  (5*19  to  11*13  per  cent.  Cn)  showed  high  resistance  to  com- 
piession,  but  again  it  must  be  borne  in  mind  that  the  carbon 
present  was  considerable,  viz*,  '11  to  1'27  per  cent. 

Provided  a  suitable  amount  of  carbon  is  present,  no  doubt 
chromium  steel  will  resist  a  higher  compression  stress  than 
ordinary  steel. 

It  is  specially  noticeable  that  these  chromium  compression  test- 
pieces  do  not  show  the  rough  ribbed  appearance  on  the  outside,  as 
was  the  case  with  the  aluminium  and  silicon  compression  samples. 

Watkh-Quekching  Tests. 

In  Table  VIIL  will  be  found  results  of  water-quenching  upon 

the  different  chromium  steel  samples.      The   eflect  of   different 

leaperatnres  is  clearly  brought  out  in  the  bending  and  tiling 

Mft^aod  it  is  interesting  to  again  find  a  contirmation  of  the  uon- 

iug  qualities  of  chromium  steel  low  in  carbon.     Samples 

A    i^  '*G,*'  in  none  of  which  the  carbon  exceeds  ^25  per  cent., 

*T^  !)<>t  hardened,  even  when  quenched  from  the  highest  heats. 

rs  being  only  one-eighth  of  an  inch  thick,  and  the  cooling 

ntly  very  rapidj  the  slightest  tendency  to  harden, 

ij  would  have  been  immediately  apparent. 


Thermal  Treatment. 

IaIIc  IX*  shows  the  effect  of  quickly  cooling  chromium  steel  in 
^,  These  tests  brought  out  the  interesting  fact  that  steel  con- 
Uining  high  percentages  of  chromium  and  sufficient  carbon,  for 
nuD^le,  sample  *'J"  (77  per  cent  C,  5'19  per  cent.  Cr.), 
self-hardening  properties.      This  is  probably  the  first 
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time  that  this  fact  has  been  put  on  record.  Hitherto  it  has  been 
thought  that  carbon  steel  containing  tungsten  only,  or  tungsten 
combined  with  chromium,  possessed  this  quality.  M.  Osmond,  in 
his  report,  deals  with  this  interesting  fact  at  considerable  length. 

Welding  Tests. 

Table  X.  proves  that  chromium  is  not  favourable  to  welding. 
Probably  the  experiment  with  **B"  (16  per  cent.  C,  '29  pei 
cent.  Cr.)  was  not  carried  out  under  the  best  conditions,  but  it 
was  also  found  by  M.  Brustlein,  at  any  rate  when  the  chromium 
exceeds  a  comparatively  small  amount,  that  the  welding  properties 
are  interfered  with.  It  might,  of  course,  be  possible  to  fuse^utd 
chromium  steel  to  wrought  iron  or  steel,  but  the  ordinary  process 
of  welding  together  two  bars  is  not  possible  either  with  this 
alloy,  or  with  those  previously  experimented  upon  by  the  writer, 
viz.,  manganese,  silicon,  and  aluminium  steels. 

In  Table  XVI.  will  be  found  the  results  of  the  corrosion  testa 
Each  sample,  2J"  x  ^"  x  J",  was  immersed  for  twentv-one  days 
in  HgSO^  of  50  per  cent,  strengtli.  The  samples  "  F  "  (1'18  per 
cent.  Cr.), "  J  "  (519  per  cent.  Cr.), «  L  "  (918  per  cent.  Cr.),  showed 
a  loss  of  3-32  per  cent.,  4-78  per  cent.,  and  5'64  per  cent.,  respec- 
tively. Ordinary  mild  steel,  tested  under  the  same  conditions, 
lost  7*48  per  cent.,  and  wrought  iron  4*47  per  cent. 


Table  XVI.— 

Corrosion 

Experimenis, 

Percent  ago 

1      '" 

Streiifrth 
of  Acid 

Length  of 
Imiiier- 

LOAS 

Colour  after 

dU^o,), 

Hi<in. 

iHir  Cent. 

Trefttnieut 

C.         Cr. 

1 

Per  Cent. 

DayB. 

Chromium  steel,  (F)  . 

Bar'  -27!  MS 
1         . 

i       .50 

1 

21 

3-32   } 

4-78  i 

Bright  appearuM 

in  some  parta 
Tarnished,       no 

„       (J)  .  ,    „    j  77  ,  5-J9 

M 

?i 

bright    appea^ 

i         1 

anct). 

„     (L). 

„      -71  '  918 

1 

'                 M 

'* 

5-64   1 

Dull     and     ts^ 
nished. 

Silicon  steel  (E) 

!   Si. 

„      -20     2  07 

»» 

»> 

3-32   1 

Very   bright   sp- 
pearance. 

Ordinary  mild  steel  . 

If 

.J 

7-48   ^ 

Dull  bright. 

Wrought  in»n    . 

"  i 

1                 '* 

" 

44-7 

Most  brilliant 
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GursiULL  Application  of  Chromium  to  Steel  Manufactitre. 

Except  for  special  classes  of  work,  it  is  difficult  to  see  the 
foundAtion  for  the  exaggerated  advantages  tliat  have  been  put 
forward  by  some  for  tiie  employment  of  cUromium.  It  is  an  open 
secret  that  certain  works  get  good  results  with  it,  but  other  works, 
pfodudng  similar  articles,  and  not  using  chromium,  also  have 
their  products  passed  under  the  same  specification  without  trouble. 

It  hurdly  seems  probable,  therefore,  that  this  steel  will,  at  any 
nte  for  some  time,  come  into  more  general  use,  or  displace  ordinary 
carboa  steel,  except,  as  before  named;,  in  special  work 

It  may  be  well  to  state  what  has  been  previously  done  as 
regards  ciiromium  steel,  though  this  reference  must  be  brief. 

One  of  the  first  workers  in  Europe  to  thoroughly  investigate  its 
manofacture  on  a  practical*  scale  was  M.  Erustlein,  of  Messrs. 
Holtzer  &  Co. — about  1876 — whose  productions  have  been  prin- 
cipally in  war  material,  such  as  armour-piercing  shells,  special 
imotir  or  shield  plates,  tool  steel,  and  some  other  uses. 

The  writer*s  father,  about  the  same  date  (1876)  as  M.  Brustlein 
wmmenced  his  work,  was  also  engaged  in  chromium  experiments, 
lii»  ferro-chromium  used  having  come  from  M,  Biermann  of 
bnOTer,  who  was  at  that  time,  and  has  since  been,  instrumental 
klicmging  special  ferro-alloys  before  steel  manufacturers. 

M.  Brustlein  obtained  results  considered  remarkable  at  that 
tiaepaDd  exhibited  samples  of  his  products  at  the  Paris  Exhibition 
in  1878. 

The  Terre-Noire  Co,  also  showed  samples  of  ferro-chromium  and 
duomium  st^el  at  the  same  Exhibition.  Some  years  after,  several 
Fj^ttch  works  followed  M.  Brustlein's  practice,  and  the  manufac- 
<lit  of  chromium  steel  was  considerably  extended,  owing  to  the 
luge  reqiiirementa  of  war  material  by  the  French  GoverDment. 

In  1882,  the  writer*s  firm  supplied  chromium  shells  to  the 
Eo^iab  Government,  one  of  which,  a  6-inch,  successfully  pene* 
eited  at)  S-inch  wrougiit  iron  plate,  and  was  so  little  injured  that 
it  Mild  have  been  fired  again ;  also  about  the  same  time  a  9 '2-inch 
pojtdikv  which  penetrated  a  16i-inch  wrought  iron  plate  and  8J 
iBdies  into  a  second  plate  placed  behind.     The  same  firm  has  since 
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been  successful  in  passing  considerable  numbers  into  the  English 
service.  A  short  resum^  of  their  latest  tests  may  be  of  interest 
By  kind  permission  of  the  War  OflBce,  the  results  are  illustrated  by 
photographs  of  the  plates  and  projectiles  used. 

Although  principally  makers  of  smaller  calibres,  as  regards 
"armour-piercers,"  one  of  these  experimental  shells,  135  inches, 
weighing  1120  lbs.,  jSred  from  the  63-ton  breech-loading  gun  at 
a  velocity  of  1950  feet  per  second,  penetrated  an  18-inch  com- 
pound plate,  a  6-iiich  wrought  iron  plate,  20  feet  of  oak  backing, 
a  further  lOJ-inch  wrought  iron  plate,  and  was  then  found  broken 
beyond  a  2-inch  wrought  iron  plate — that  is,  a  total  penetration  of 
36J  inches  of  armour  plating.  This  projectile  was  believed  by 
the  Ordnance  Committee  to  pass  whole  tlirough  the  18-tnch  com- 
pound and  6-inch  wrought  iron  plates.  Fig.  3  shows  the  penetra- 
tion effected. 

One  of  their  reception  lots,  viz.,  300  6-inch  projectiles,  from 
which  two  were  selected  by  the  Government  Inspector,  gave  the 
following  results  (Figs.  4  to  8  show  the  results  of  the  tests). 

Each  shell  was  fired  against  a  separate  9-inch  compound  armour 
plate,  with  a  striking  velocity  of  1825  feet  per  second,  and  a 
striking  energy  of  2250  tons.  The  faces  of  these  plates  contained 
1*25  per  cent,  of  carbon,  so  that  the  tests  were  severe. 

No.  1  projectile  (round  2553,  Figs.  4,  5,  and  8)  penetrated 
the  plate  to  the  eighth  layer  of  oak  backing.  It  was  whole, 
showed  no  cracks,  and  very  slightly  altered  in  shape. 

Diameter  of  body  before  firing,  5*963  inches  ;  after  firing,  5*974  incbei  =  +  'Oil  ineheii 
Length  before  firing,  16*68  inches ;  after  firing,  16 '47  inches       .        =  -  "210  inohei. 

No.  2  projectile  (round  2554,  Figs.  6, 7,  and  8)  gave  the  same 
penetration,  was  also  whole,  showed  no  cracks,  and  altered  in 
diameter  of  body  '013  inches,  and  shortened  210  inches. 

Thus  the  above  shells  were  only  altered  one-hundreth  of  an  inch 
in  diameter,  and  a  little  over  two-tenths  in  length.    (Figs.  4  to  8.) 

The  following  results  are,  however,  probably  still  more  remark- 
able. A  Hadfield  6-inch  projectile  was  fired  through  a  9-inch 
lompound  plate.  Being  uninjured,  it  was  ground  up,  fired  a  second 
sime,  and  again  penetrated  another  9-inch  compound  plate.  It 
w$B  gronn(\  up  and  fired  a  third  time  at  a  9-inch  plate,  when  it 
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broke  up.  It  is,  however^  only  fair  to  tlie  projectile  to  state  that 
the  third  plate  was  an  experimental  one,  in  which  the  face  had 
been  hardened  by  special  tempering  methods.  Probably  the  pro- 
jectile 1^'ould  still  have  been  whole  if  fired  at  an  ordinary  com- 
pound plate.  This  projectile,  after  being  fired  twice,  is  shown  in 
Fig.  9. 

Another  remarkable  result  is  that  of  a  6-inch  bursting  shell 
made  by  the  same  makers.  This  shell  was  the  usual  service 
weight.  100  lbs.,  but  had  a  core  of  about  double  the  capacity  of 
iD  ordinary  armour-piercing  projectile  (the  latter  are  usually 
termed  *'shot"),  and  consequently  its  walls  were  of  much  thinner 
faction  and  of  less  strength.  This  was  fired  at  a  6-iiich  compound 
plaie,  which  it  penetrated,  and  was  found  uninjured  2000  yards 
lOT  nearly  a  mile  and  a  quarter)  on  the  other  side.  Beyond  a 
dight  chip  off  the  point,  the  sliell  was  unaltered  in  form,  free  from 
cacks,  and  could  have  been  fired  again.  This  shell  is  indicated 
^  Fig.  10,  The  broken  shell  (Fig,  10*)  subjected  to  the  same 
Wfts  by  another  maker.  The  result  with  the  latter  shows  that 
shellj  if  not  properly  prepared,  is  little  better  than  a  cast 
projectile. 

An  exceptionally  severe  set  of  trials  is  that  shown  in  Figs.  11 
to  13.  The  projectiles  were  selected  at  random  from  ordinary 
lervice  supplies*  The  ordinary  reception  trial  is  to  fire  a  6-incli 
pmjectile  against  a  9-inch  compound  plate,  but  in  this  trial  the 
ctmipjund  plate  was  lOJ  inches  thick.  As  will  be  seen,  notwith- 
•Ufiiling  the  severe  test,  the  fonr  projectiles  were  practically  unin- 
jored,  having  neither  set  up  nor  broken.  If  the  armour  had  been 
acttached  to  the  side  of  an  ironclad,  a  few  feet  higher  velocity 
wonld  have  resulted  in  a  complete  penetration  into  the  interior  of 
the  ihip*  In  other  words,  at  short  ranges,  with  the  comparatively 
i^t  6-iiicb  breecb-Ioading  gun,  giving  a  velocity  of  say  2000 
hA  per  second,  all,  excepting  the  largest  modern  ironclads,  are 
•MBy  Toloerable  at  point-blank  range.     (Figs.  11  to  13.) 

la  recent  American  trials  it  is  reported  that  French-made 
pqefidles,  of  6  inches  diameter,  fired  against  10|-inch  nickel  steel 
ihlOl,  penetrated  from  9^70  inches  to  26  inches,  the  average  pene- 
Intitti  being  15  inches.  In  the  case  of  the  Hadfield  projectile, 
agUQSt  a  lOA-inch  compound  plate,  the  penetrations  averaged 


ALLOYS  OF  IRON  AND  CHROmUM, 


26|  iuches.  It  must  be  remembered  that  iu  the  American  trials, 
while  the  nickel  steel  plates  offered  greater  resistance,  the  velocity 
and  striking  energy,  2075  feet  and  2989  foot-tons,  respectively,  were 
much  hij^her  than  those  used  in  the  English  tests,  viz.,  18:50  feet 
and  2200  foot-tonsi  Therefore,  whikt  the  results  cannot  very  well 
be  compared,  it  will  be  seen  that  the  English  projectiles,  with  a  lower 
velocity  and  striking  energy,  gave  excellent  results.  Probably 
with  the  same  striking  energy  as  at  the  Annapolis  tests  they  would 
have  penetrated  uninjured  a  12-inch  compound  plate. 

As  regards  the  percentage  of  chromiuni  used  in  such  shells, 
each  maker  has  his  own  standard,  the  chromium  varying  from  IJ 
per  cent,  up  to  2  per  cent.,  and  the  carbon  is  dosed  according  to 
the  particular  hardness  required. 

Whilst  Messrs.  T.  Firtli  &  Sons  iiave  supplied  considerable 
numbers  of  excellent  armour-piercing  projectiles,  made  under  the 
French  system  of  Firminy,  the  writer  is  sore  they  will  not  be- 
grudge his  firm  (the  Hadfield  Steel  Foundry  Company)  the  satis- 
faction of  having  also  successfully  worked  out  this  difficult  manu- 
facture, but  without  any  outside  or  French  assistance. 

If  any  would-be  aspirant  to  shell-making  is  under  the  impres- 
sion that  the  manufacture  of  such  articles  is  simply  the  result 
of  producing  steel  of  a  definite  analysis,  he  will  find  that  this  is 
not  so.  The  quality  of  the  material  is  not  the  only  question,  as 
care  in  manufacture  during  the  subsequent  treatment  of  harden- 
ing and  tempering  is  most  important. 

M.  Brustlein,  in  *'The  Metals  at  the  Paris  International  Exhibi- 
tion of  1878/*  stated  that  his  attention  was  directed  to  chromium 
steel  on  account  of  its  increasing  both  tensility  and  elastic  limit 
without  diminishing  elongation,  as  would  occur  in  carbon  steeL 
In  carbon  steel  an  increase  of  tensility  invariably  means  a  decrease 
in  ductility. 

With  tlie  further  knowledge  gained  from  the  study  of  the  steel 
alloys  named  in  this  paper,  it  will  be  seen  that  chromium  cannot 
itself  confer  much  advantage  when  the  carbon  is  low ;  in  fact,  its 
action  in  such  cases  may  be  to  some  extent  termed  neutral ;  but 
when  the  carbon  also  rises,  the  result  is  as  stated  by  M,  Brustlein. 
This  metallurgist  considers  that  beneficial  results  are  obtained 
"lather  in  harder  than  in  milder  chromium  steels,  and  probably 
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UuB  will  be  found  to  be  the  case.  In  other  words,  it  must  not  be 
expected  that  very  soft  steel  will  be  much  improved  by  chromium 
iiiditions.  Medium  steel  probably  will  gain  somewhat,  and  harder 
steels  still  more  so;  but,  as  is  well  known,  the  output  of  hard 
steel  is  comparatively  small.  For  Uiis  reason,  therefore,  there  does 
aot  seem  the  probability  of  a  large  employment  of  chromium  in 
ifieel  with  a  tensilit)''  of,  say.  28  tons  and  under. 

Chromium  steel  (that  is,  chromium-carbon  steel)  has  another 

property — and  reference  is  here  again  made  to  the  harder  qualities 

—that  it  seems  to  harden  more  readily.    Chromium  to  some  extent 

plays  the  part  of  a  hardener  even  without  the  intervention  of  a 

cooling  medium;  therefore,  when  a  cooling  medium  is  employed, 

tb  degree  of  hardness  is  intensified.     It  has  been  stated — the 

writer  would  not  like  to  confirm  this  view  positively — that  a  piece 

'    '  ruitiium  steel  of  a  given  diameter,  when  quenched,  would 

-'  hardened  more  deeply  tliau  a  similar  piece  of  carbon  steel, 

jly,  if  the  right  hardening  temperature  were  obtained  for 

'jf  steel,  it  would  be  found  that  the  chromium  steel  was, 

iLiJing,  tougher  than  the  carbon  steel,  and  it  is   also 

probable  that  it  would  harden  at  a  somewhat  lower  heat,  but  that 

the  effects  of  hardening  would  penetrate  further  is  not  yet  proved, 

llieofiee  have  been  put  forward  that  chromium  holds  carbon 

b  the  "combined'*  state,  and  that,  therefore,  chromium  steel 

brdeas  more  readily.    Seeing  that  the  carbon  present  in  ail  steel 

k  m  the  combined  state,  w*hether  chromium  is  present  or  not,  this 

eipknation  does  not  ofier  much  satisfaction. 

From  the  results  of  the  labours  of  our  President,  Sir  Frederick 
Abel,I>n  Sorby,  Profs,  Osmond  and  l,edebur,  Mr.  J.  W,  Spencer,  and 
fliers,  ii  has  now  been  clearly  proved  that,  as  the  carbon  in  pig 
mm  baa  aeyeral  forms,  so  in  steel  there  is  more  than  the  one 
mwBy  termed  "combined,"  Professor  Ledebur's  exhaustive 
lifm  on  *'The  Nomenclature  of  the  Various  Forms  of  Carbon 
Ocdtmng  in  Iron"  {Siahi  unci  Emii,  November  1888),  and 
*Beceiit  Experiments  on  Carbon  and  Iron"  (Ibid.,  April  1891), 
to  have  escaped  notice  on  this  side.  It  would  be  of  con- 
aUe  benefit  if  this  worker  could  be  induced  to  give  the  Iron 
Steel  Institute  a  paper  on  his  latest  researches.  He  has 
ily  proved  the  existence  of  four  distinct  forms  of  carbon — 
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hardening  carbon^  carbide  carbon,   temper  carbon   or  graphitic 
temper  carbon,  and  graphite.     The  exact  role  played  by  each  is 
further  complicated  by  their  being  again  split  up  into  different^ 
forms  or  combinations  as  carbideji  of  iron.  ^M 

There  is  no  doubt  that  elements  such  as  chromium,  tungsten, 
and  silicon,  alloyed  with  carbonaceous  iron,  including  steel,  have 
considerable  influence  upon  the  carbon  or  carbide  of  iron  present, 
probably  more  so  than  upon  the  iron  itself,  A  substance  of  very 
complex  nature  is  thus  obtained,  and  it  is  not  to  be  wondered  that 
ita  study  is  no  easy  task.  ITianks  especially  to  the  labours  of  Pro- 
fessor Roberts- Austin  and  M.  Osmond,  by  the  accurate  study  of 
thermal  treatment,  we  are  gradually  approaching  a  more  satis- 
factory state  of  knowledge  on  these  particular  points. 

Chromium  has,  without  doubt,  a  marked  action  upon  the 
different  states  of  carbon  or  carbides  of  iron  into  wliich  they  are 
further  divided,  according  to  the  thermal  treatment  to  which  the 
alloy  has  been  subjected. 

Very  high  tensility  has  been  got  with  hard  chromium  steels, 
the  writer  having  obtained  specimens  with  104  tons  per  square 
inch,  and  about  3  per  cent,  ductility.  M.  Brustlein  showed  an 
excellent  series  of  sampler  at  the  1889  Paris  Exhibition,  one  of 
the  test- bars  having  a  tensile  strength  of  100  tons  per  square  inch. 
No  analysis  accompanied  the  specimens, so  that  the  results  did  not 
enable  a  comparison  to  be  made.    The  tests  are  given  in  Table  XIV. 

Whilst  the  softer  chromium  steels  do  not  require  special  care, 
harder  varieties  are  as  liable  as  carbon  steel — if  not  more  so — 
to  become  burnt  and  spoilt  by  overheating,  and  to  give  material 
with  coarse  and  weak  crystallisation.  ChrDmium  steel  in  the 
harder  grades,  and  when  properly  manufactured,  gives  an  exceed- 
ingly fine-grained  product.  M.  Boussingault  mentions  that 
cemented  cast  steel  of  ordiiiarj"  description  acquired  large  crystals, 
whilst  cemented  chromium  steel  (chromium-carbon)  had  only 
small  ones,  showing  the  power  of  chromium  in  the  chromium- 
carbon  combinations  to  reduce  the  size  of  the  crystals. 

That  chromium  has  a  strong  action  on  the  crystalline  formation 
is  shown  by  the  acicular  structure  of  most  of  the  ferro-chromium 
produced. 

The  Terre-Noii'e  Co.  exhibited  at  Paris  in  1878  a  chromium 
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iteel  (75  per  centw  Cn),  aud  poioted  out  its  high  resistance  in 
eomiireaBiaiL  Ko  doubt,  in  this  respect,  in  harder  qualities  it  is 
well  suited  to  resist  compression  stress,  owing  to  its  closeness 
ud  density.  Here,  again,  the  proviso  must  be  made.  "  so  long  as 
there  is  sufficient  carbon  present;*'  for  from  Table  IV.  (Diagrams 
III.  4nd  IV.),  it  will  be  seen  that,  in  the  absence  or  lowness  of 
carban^  chromium  steel  gives  no  special  resistance  to  corapres- 
«ion — in  fact,  it  is  but  slightly  superior  to  steel  containing  like 
peitentages  of  aluminium  or  silicon. 

It  appears  that  some  of  the  Tasmanian  chromium  pig  brought 
daring  187G  into  this  country  by  Mr,  Kiley  was  sent  to  Sweden, 
T«t5  were  there  made  of  it  by  the  open-hearth  process.  It  is 
iStfed  that  the  steel  was  of  good  quality,  though  suflicit^nt  details 
m  not  given  to  show  that  it  possessed  any  marked  advantage 
Wff  onlinar}'  carbon  steel. 

Mr,  Riley  in  1890,  during  the  course  of  a  discussion  before  the 
i^Kiety  of  Chemical  Industry  on  Feodossief's  new  method  of 
beniperiiig  and  hardening  steel,  stated  that  several  hundreds  of 
\im$  of  chromium  iron  had  been  used  in  Sheffield  fur  tyres  and 
izl<!S  owing  to  the  superiority  obtained  in  the  products,  and  the 
lefCfe  test  they  would  stand  under  a  falling-weight  test.  The 
rati^  tested  the  same  pig  iron,  but  its  lowness  in  chromium  made 
ft  lOBititable  for  most  alloy  purposes. 

The  only  recent  paper  on  the  subject  of  chromium  steel  has 
bpeis  lluit  read  by  Professor  Arnold  before  the  Institution  of  Civil 
Eigmeers.  1888,  on  "The  Influence  of  Chemical  Composition  on 
the  Serength  of  Bessemer  Steel  Tyres "  (Minutes  of  Froceedm^s, 
foL  XCT.),  This  paper  had  for  its  object  to  describe  a  special 
fMfily  of  steel,  and  much  interesting  information  was  given  re- 
tlie  employment  of  chromium  steel  for  tyres.  The  tensile 
obCained  by  him,  in  addition  to  a  large  number  of  drop-tests 
mt  lades  and  tyres,  were  as  follows  :^ 
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The  test-pieces  were  prepared  by  hammering  a  14-inch  square 
ingot  into  1  J-inch  square  bars. 

The  material  described  being  somewhat  high  in  manganese 
(about  1}  per  cent.),  it  is  difficult  to  determine  the  precise  action 
of  the  chromium  in  the  samples.  Professor  Arnold  considers  that 
chromium  in  small  quantities  raises  the  tensile  strength  of  steel 
without  seriously  diminishing  the  ductility.  No  doubt  the 
ductility  obtained  along  with  high  tensility  was  owing  to  the 
chromium  present,  but  it  must  also  be  borne  in  mind  that  the 
carbon  in  the  steel  described  by  Professor  Arnold  was  not  more 
than  -32  per  cent. 

Special  attention  is  drawn  to  this  point,  as  high  carbon  chromium 
steel  may  be  incautiously  manufactured.  Bad  results  are  sure  to 
be  obtained  for  structural  purposes  unless  the  carbon  is  kept 
comparatively  low. 

In  Mr.  Howe's  work  on  "  The  Metallurgy  of  Steel,"  he  mentions 
cases  at  the  Pennsylvania  Steelworks  where  Bessemer  rails,  with 
from  12  to  54  per  cent,  of  chromium,  successfully  passed  the  drop- 
test,  provided  the  carbon  did  not  exceed  '30  per  cent.,  but  broke  if 
this  limit  was  exceeded.  Thus  chromium,  when  in  presence  of 
even  a  medium  percentage  of  carbon,  appeared  to  injure  the  shock- 
resisting  power  of  the  steel.  It  is  to  some  extent  difficult  to 
reconcile  the  behaviour  of  this  material  with  the  chromium  steel 
employed  for  armour-piercing  projectilea  Such  steel  contains 
three  or  four  times  as  much  carbon  and  chromium  as  that  named, 
yet  with  points  suitably  hardened  they  successfully  withstand — 
without  cracking  or  altering  their  form — being  hurled,  at  a  speed 
of  nearly  2000  feet  per  second,  against  hard  compound  armour 
hhickness  nearly  double  the  calibre  of  the  projectile. 
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This  difference,  as  compared  with  the  behaviour  of  the  steel 
referred  to  by  Mr.  H,  M.  Howe,  is  uo  doubt  partly  owing  to  the 
different  character  of  the  article,  and  to  the  fact  that  the  points  of 
the  shells  are  of  sufficient  hardness  to  successfully  penetrate  the 
plates  without  deformation.  The  same  projectiles  with  unhardened 
poiQU  wouhl  merely  splash  up  against  the  plate. 

llr,  Howe*s  excellent  resume  of  the  principal  facts  connected 
with  chromium  steel  are  worthy  of  perusal  by  those  interested  in 
tills  subject.  The  metallurgical  world  is  considerably  indebted  to 
iiim  for  his  admirable  treatise  on  the  metallurgy  of  steel 

During  the  discussion  which  followed  Professor  Arnold's  paper, 
it  w&a  stated  by  some  of  the  leading  metallurgists  and  locomotive 
ttgineerfl^  that  carbon  steel  of  a  temper  (as  regards  the  carbon 
ptfcentage)  higher  than  the  chromium  steel  samples  quoted  by 
Mm  gave  as  good,  if  not  superior,  results.  In  the  writer's  opinion, 
iMyweTer,  the  chromium  steel  under  discussion  appeared  at  a  dis- 
idvacitagte,  being  really  a  manganese-chromium  steel,  the  percentage 
of  the  farmer  metal  being  as  high  as  1*{>0.  It  is  difficult  to  know 
why  such  a  comparatively  large  quantity  of  manganese  was  present. 
It  would  have  been  fairer  to  compare  a  cliromium  steel  of  the  same 
pefceotage  of  manganese  as  is  ordinarily  employed,  say  *75  per 
cent*  lo  1  per  cent  From  the  Terre-Noire  experiments  in  1878 
ire  know  that  manganese  alone,  without  chromium,  would  coufer 
high  tensility. 

Al  the  top  of  the  following  table  will  be  found  the  results  of 
tiic  Terre-Xoire  carbon-manganese  steel  tests. 

It  would  seem,  therefore,  that  chromium  steel,  in  the  instances 
ipotied  by  Professor  Arnold,  was  not  in  its  best  form  to  make  a 
itmci  eompanson  with  carbon  steel. 

The  following  table  of  tests  with  carbon  and  chromium  steel 
may  be  of  interest.  The  details  given  by  some  of  the  experi- 
meatalists  are  not  sufficient  to  make  them  as  complete  as  they 
ibould  be,  but  they  will  enable  a  rough  comparison  to  be  drawn. 
Ai  tliey  represent  practical  tests,  they  may  be  useful  for  refer- 
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Although  chromium  steel,  judging  from  this  table,  does  not 
show  any  superiority  to  carbon  steel,  as  before  mentioned,  it  must 
be  borne  in  mind  that  the  samples  quoted  are  really  manganese- 
chromium  steel.  Besides,  too,  chromium  steel  for  lyres  and  axles 
is  being  made  in  considerable  quantities,  and  the  writer  understands 
diat  witii  it  are  obtained  results  not  readily  given  by  carbon 
iteeL  Judging  from  the  tests  of  tlie  writer,  quoted  in  this  paper^ — 
that  18,  of  the  carbonless  chromium  steel  in  which  the  manganese 
i»  Ttry  low — by  judicious  mixtures  and  treatment  chromium  steel 
U  a  good  quality  is  to  be  obtained  without  such  special  attention 
to  tlie  low  limits  of  sulphur  and  pliosphorus  as  in  carbon  steeh 
Whilst  further  inquiry  on  this  point  does  not  come  withiu  the 
loope  of  the  present  paper,  it  seems  to  be  of  importance. 

As  pointed  out  during  the  discussion  on  Professor  Arnold's 
paper — by  Mr.  G.  Berkley,  now  President  of  the  lostitution  of  Civil 
EngLoeers — before  users  can  express  any  leaning  towards  the  adop- 
tioit  of  chromium  in  place  of  carbon  steel,  it  must  be  shown  what 
ire  iU  special  advantages.  Mr,  Berkley  also  pointed  out  that  the 
WgODg  Steel  tests  (carbon  steel)  quoted  by  Professor  Arnold,  and 
ttotod  in  the  following  table,  gave  as  high  results  as  those  of  the 
(hroDuuni-manganese  steel  :— 

Compariacn  of  Carbon  Spring  Steel  and  Chromium  SieeL 
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VTbibl  Mr.  Berkley  was  justified  in  making  this  comparison  on 
the  samples  in  question^  the  writer  would  point  out  that  in  the 
urcnmaiQ  steel,  had  the  manganese  been  within  ordinary  limits, 
h  would  probably  have  given   as  high  tensility,  but  superior 
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Professor  Arnold  states  that  he  considers  *40  per  cent,  each  of 
chromium  and  manganese  produce  the  same  hardening  effect  as 
•20  per  cent  carbon.  With  the  results  of  the  writer^s  samples 
it  is  possible  to  see  the  exact  effects  of  chromium  upon  iron,  e.g,y 
samples  "  A "  to  **  E,"  or  perhaps  to  "  G,"  in  which  the  carbon, 
whilst  not  a  negligable  quantity,  does  not,  at  any  rate,  materially 
affect  the  product. 

Wliilst  the  statements  in  the  paper  quoted  are  in  the  main 
correct — first,  that  chromium  added  in  small  quantities  raises  the 
tensility  of  steel  without  seriously  diminishing  ductility ;  second, 
that  when  added  in  too  high  percentages  it  induces  brittleness — 
both  of  these  should  be  qualified  by  a  third,  viz.,  that  they  are 
principally  dependent  upon,  and  qualified  by,  the  percentage  of 
carbon  present.  Chromium  in  itself,  as  clearly  shown  by  the 
different  diagrams  accompanying  this  paper,  does  not,  up  to,  at  any 
rate,  a  certain  percentage — say  '75  or  even  1  per  cent — materially 
affect  the  product,  whether  as  regards  yield-point,  tensility,  hard- 
ness test  (Turner's),  or  hardness  by  water-quenching.  Take,  for 
example,  specimen  "  D  "  in  its  annealed  state  ('14  per  cent  C, 
•5  per  cent  Cr.);  its  yield-point  is  as  low  as  16  tons;  its 
tensility  25*50  tons  per  square  inch ;  its  hardness  in  Turner's 
scale  is  but  little  higher  than  wrought  iron,  nor  does  it  become 
hard  when  water-quenched  from  a  welding  heat. 

Although  our  English  engineers,  probably  owing  to  the  high- 
class  road-beds  in  this  country,  do  not  seem  to  be  much  troubled 
with  broken  tyres,  those  in  Germany  appear  to  be  less  fortunate, 
either  owing  to  a  lower  quality  of  product,  or  to  other  causes. 
According  to  the  Se(nindarhahn  ZeiUmg  (p.  257)  forty-two  German 
railway  companies,  with  33,718  kilometres  of  line,  have  stated  that 
4123  breakages  of  tyres  took  place  from  1st  October  1880  to 
1st  April  1881.  In  1887  there  were  3552  broken  tyres,  33  per 
cent  of  which  failed  through  causes  unassignable. 

Therefore,  if  an  "  alloy  steel "  can  be  produced  with  superior 
tensility,  ensuring  as  high  or  higher  durability  than  now,  as  well 
as  superior  ductility,  there  is,  without  doubt,  room  for  its  employ- 
ment. One  valuable  property  possessed  by  chromium  steel,  when 
properly  manufactured,  seems  to  be  that  of  giving  greater  contrac- 
tion of  area  in  the  testing-machine.     No  doubt  this  is  partly 
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owing  to  its  elastic  limit  being  high,  which,  combined  with  high 
Umcitr,  causes  striction  to  be  more  localised.  As  Mr,  D.  Kirkaldy 
points  out — and  his  unique  experience  in  testing  material  entitles 
lis  opinion  to  very  careful  consideration — ^high  contraction  of  area 
at  fractnre  is  a  proof  of  good  quality,  or  body,  in  the  steel  Those 
who  favour  chromium  steel  of  the  requisite  quality  will  not  over- 
look this  point. 

Unfortunately,  at  present  there  is  so  much  lack  of  uniformity 
of  tests,  that  it  is  often  difficult  to  draw  comparisons.  Continental 
engineers  are  now  seeing  the  importance  of  this  point,  and  a  very 
competent  commission  in  France  ("Commission  des  M<ithodes 
dTasaj  des  Materiaux  de  Construction  ")  is  now  endeavouring  to 
hfittg  into  harmony  the  present  discordant  elements.  It  is  to  be 
belied  Bomething  may  be  done  here  in  the  same  direction*  If,  too, 
we  could  sum  up  courage  to  decimalise  our  weights  and  measures, 
enormous  convenience  would  result,  as  then  the  whole  of  this  con- 
tbent,  and  America*  wonld  probably  soon  follow  suit,  could  com- 
pare notes  by  means  of  a  universal  metric  system.  This,  combined 
with  some  uniformity  of  tests,  both  as  to  their  nature  and  as  to 
like  manner  in  which  they  should  be  conducted,  would  prove 
iniralaable,  and  help  on  the  progress  of  metallurgy.  Whilst  it  is 
qitite  possible  to  bring  objections  against  the  metric  system,  its 
idvmntmges  so  enoimously  outweigh  its  disadvantages,  that  the 
■alter  is  well  worth  some  consideration.  Tlie  Decimal  Associa- 
lioB  is  working  hard  in  this  direction,  and  it  is  to  be  hoped 
lieiDlien  of  this  Institute  will  give  it  every  support.  As  to  a 
■mform  system  of  tests,  this  question  also  commends  itself  to 
most  careful  consideration. 

Sir  Philip  Magnus,  at  the  recent  London  Congress  of  the  Cham- 
ben  of  Commerce  of  the  Empire,  made  the  following  important 
tftttoieat :  "  In  this  countr}'  we  were  placed  at  a  very  great  disad- 
ftatige  through  the  retention  of  our  present  system.  We  were 
ieraely  handicapping  the  education  of  our  boys  by  compelling 
■MkuB  to  learn  both  the  system  of  weights  and  measures  which  pre- 
^^wlad  elsewhere,  and  the  system  which  prevailed  in  this  country.** 

I       ^^ 


IWU.S.A'  hikxe  mlready  proved  tbe  immense  coovenieDoe  of  a  decimnl  moTieUry 
M»d  W  some  extent   hftve  introduceil  it  into  their  weiglit^   by  the  100  lbs, 
il  Md  tbe  2000  Iba,  ton. 
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Tlie  writer  would  point  out  that  a  convenient  syst 
weights  and  measures,  such  as  the  metric  system  offera, 
such  as  ours  can  never  possess,  must  give  those  nations  accepting 
it  great  advantages,  and  prove  to  be  one  of  not  the  least  impor- 
tant factors  in  determining  the  future  of  a  country's  industrial^ 
progress. 

The  foregoing  is  aside  from  the  object  of  this  paper,  but 
writer,  having  had  the  privilege  of  seeing  the  advance  copiea 
the  Frencli  Comniissiuu's  valuable  reports,  has  been  greatly  atmc 
with  tlie  importance  of  English  engineers  also  following  up  the 
subject  of  uniformity  in  tests. 

If  we  do  not  follow  suit  in  progressive  advances  in  both 
directions  referred  to,  can  we  wonder  that  our  trade  rivals 
considerable  advantages  over  us  ?     l\y  studying  the  convenienG 
of  a  large  paniuu  of  our  customers,  to  say  nothing  of  the  adva 
tages  resulting  to  ourselves,  we  should  certainly  derive  conside 
able  benefit 


Chhomium  Strel  Wire. 

By  the  kind  assistance  of  Messrs.  J.  Shipman  &  Co.,  steel 
wire  nmnufactuiers,  Sheffield,  the  writer  is  able  to  give  an  iut 
esting  set  of  tests  on  samples  of  chromium  steel  wire.     These 
fully  detailed  in  Table  XV. 

As  will  be  seen  from  this  table  (specimen  *'B/'  *16  per  cent 
*29  per  cent  Cr,),  even  thin  wire  (No.  20  B,W,G.),  which  would 

^K     very  rapidly  part  with  its  heat,  could  not  be  hardened,  either  wit] 

^H     oil  or  water  quenching. 

^m         The  tensility  of  this  sample  in  the  annealed  forged  bar, 

^^      inches  in  diameter,  was  25  tons. 

^H  When  drawn  down  to  No.  20  B.W.G.,  annealed  and  re-drawi 

^H     one  hole,  this  is  raised  to  45  tons. 

^H        When  again  annealed  it  is  practically  the  same,  44  tons. 

^H        Oil-quenched,  it  rises  to  49  tons. 

^H        Water-queoched,  it  rises  to  59  tons. 

^H         This  diiiers  but  little  from  similar  tests  on  mild  steel  wire 

^^     treated  in  a  similar  manner 

^^         Specimen  ''F"  ('27  per  cent  C,  118  per  cent  Or.),  though 

P 
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cofltaining  more  than  one  quarter  per  cent,  of  chromium,  would 
uot  barxien  either  in  water  or  oil.  Therefore  chromiunij  whilst 
stiffi^uing  the  steel,  cannot  V*e  termed  a  true  hardener  in  the 
ihsence  of  sufficient  carbon. 

Sample  **J"  ('77  per  cent.  C,  5  19  per  cent.  Cr.)  gives  a  good 
pfodact,  but  does  not  show,  except  as  regards  better  bending  tests, 
»n}*  marked  superiority  over  ordinary  cai'bon  steel  The  carbon 
being  77  per  cent,  explains  the  reason  why  the  report  states 
"hftrdens  nicely  in  water  and  oil.'" 

That  hardness  by  water-queuching  does  not  necessarily  mean 
irjcreaaed  tenacity  is  proved  by  the  results  obtained  from  "  J  "  and 
"  Lj**  in  which  both  the  oil  and  water  quenched  specimens  possess 
Urn  tenacity  than  the  original  wire  wiiich  had  been  drawn  one 
liok  after  annealing.  In  fact^  the  ligures  are  even  less  ("  J  "),  and 
ame  ("L")  botli  for  the  oil  and  water  quenched  as  compared 
the  annealed  si3ecimen3.  Except  in  semi-hard  steels,  such, 
tor  example,  as  "  B  **  and  "  F/'  tensility  is  not  apparently  increased 
by  water-quenching.  Probably  this  partly  explains  the  reason 
why  hardened  (that  is,  "  dead  hard '')  steel  is  more  liable  to  spon- 
taneous cracks;  the  steel  has  really  not  a  high  tensility,  as  is 
often  imagined,  and  it  is  therefore  not  in  the  condition  to  resist 
1i%)i  stress* 

•!.*•  specimen^  containing  *70  per  cent  C,  and  as  high  as  9*18 
per  eent  Cr.,  possesses  no  special  features.  It  is  somewliat  higher 
ia  breaking  strength  and  ductility  than  ordinary  steel  of  1*30  per 
eeat  carbon — that  is,  comparing  the  samples  in  their  annealed  and 
one-hole  drawn  state. 

Probably  the  wire-drawer  had  not  exactly  hit  the  right  temper- 
ing heat,  but  it  is  curious  to  note  that  "L"  does  not  harden  so 
readily  aa  specimen  *' J."  This  is  singular,  because  the  chromium 
U  neirly  50  per  cent  higher,  and  the  material  should  there- 
tee  be  much  harder  M.  Osmond  also  found  that  '*L,"  when 
■object  to  certain  thermal  treatment  (detailed  in  his  repott 
iccompanjring  this  paper),   does    not  become   hard    so    readily 

ItessTs,  Shipman  kindly  made  some  comparative  tests  on  carbon 
*eel  wire  of  different  qualities ;  these  will  also  be  found  in  Table 
XV.     Unfortunately,  a  complete  comparison  cannot  readily  be 
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made,  owing  to  the  tests  of  the  carbon  steel  having  been  made 
with  wire  of  No.  12  J  B.W.G.,  whilst  those  of  the  chromium  steel 
were  No.  20  RW.G. 


Electrical  Properties. 

Dr.  Hopkinson  has  kindly  made  a  number  of  experiments  with 
chromium  steel,  and  reports  the  following  results : — 

Table  VI.,  and  the  curves  shown  in  figs.  14  and  15,  give  the 
magnetic  properties  of  the  chromium  steel  marked  **  L."  Table 
VII.  shows  the  resistance  of  the  four  samples  "B"  (-16  per 
cent.  C,  -29  per  cent.  Cr.),  "F"  (-27  per  cent.  C.,  1*18  per  cent 
Cr.),  "J"  (-77  per  cent.  C.  519  per  cent.  Cr.),  and  "L"  (-71  per 
cent  C,  9-18  per  cent  Cr.).  Dr.  Hopkinson  says  these  resistances 
may  not  be  so  minutely  accurate  as  they  might  be,  owing  to  the 
wire  having  in  places  become  oxidised  in  the  heating.  He  also 
states  that,  as  regards  the  sample  marked  "L,"  while  it  might 
have  been  expected  to  have  an  abnormally  low  critical  temperature, 
as  it  is  an  alloy  similar  to  nickel  and  manganese  steel,  both  of 
which  have  low  critical  temperatures,  that  is  not  the  case,  the  critical 
temperature  differing  but  little  from  that  of  wrought  iron. 

The  writer  considers  that,  although  chromium  steel  is  an  alloy, 
yet  its  properties  in  mechanical  and  other  tests  would  lead  one 
to  expect  it  to  behave  very  differently,  as  compared  with  either 
manganese  or  nickel  steel. 

The  coercive  force,  especially  when  the  material  is  hard,  is  great 
In  this  state,  Dr.  Hopkinson  considers  that  it  should  make  good 
permanent  magnets — a  fact  confirmed  by  Dr.  Bottomley's  tests, 
mentioned  later. 

It  will  be  noticed  that  annealing  has  a  marked  effect  on  the 
curve  of  magnetisation,  diminishing,  as  is  usual  with  steel,  the 
coercive  force. 

The  electrical  resistance  of  all  four  samples  is  high,  but  with 
the  two  samples  of  intermediate  composition,  which  harden  best 
when  quenched,  not  so  high  as  manganese  steel ;  the  resistance  is 
materially  increased  by  quenching. 
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Magnetisation  of  Chromium  Steel. 

t  Bottomley  of  Glasgow  has  kindly  made  a  series  of  tests 
Jtith  tiie  folio wiiig  results  respecting  the  magnetisation  of  chromium 

€.  Cr. 

I  B&r  d  to,  tq,  27  in.  long,  1176  A,  unanntnledt  '07      ^22  per  cent. 
I    .,    I     n      27      „        imE,  „  -12      -84        „ 

1    ,.    i     „      27      ,.        1176  H,  ,,  -39  2  54       „ 

1    M    i     ..      27      „        U76K.  .,  -86  6*89        „ 

'  one  of  each  of  the  above  in  the  annealed  state. 

The  four  unannealed  bars  (marked^' A,"  "E,"  "H,"  and  "K") 

were  magnetised  to  saturation  in  a  field  of  approximately  400 

C.  G.  S.  (absolute  magnetic  measure),  and  their  magnetic  moments 

were  determined  immediately  thereafter.     They  were  found  to  be 


Observations  of  the  magnetic  moments  of  these  bars  were  made 
ily  for  nineteen  days,  the  magnets  remaining  undisturbed  me- 
lically  and  magnetically,  except  as  to  the  carrying  of  them  to 
from  the  testing-place.     The  percentage  loss  in  the  nineteen 
Jays  was  found  to  be^ 


A. 

E. 

H. 

K. 

rerCeoL 

Pot  Cent. 

Per  Cent 

Per  Ceijt 

8 

6*77 

5-84 

4 

Mo^t  of  this  loss,  as  is  always  the  case>  took  place  during  the 
fint  day  or  two. 

Dr.  Bottomley,  for  the  sake  of  comparison,  adds  that  two  bars 
of  ixcellent  steel,  with  which  he  had  been  well  acquainted  for 
ft  nomber  of  years,  were  magnetised  and  tested  in  a  precisely 
Di&ilar  way  to  the  unannealed  bars  above  referred  to.  These  were 
narked  "M"  and*'M'."  Their  magnetic  moments  per  gramme 
nniaediately  after  magnetisation  were — 


loss  during  nineteen  days — 


Per  C«nt, 
3*4 


tppear&j   therefore,   that   the   bar  marked 


IS 


of  an 


no 
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exceptionally  high  magnetic  quality*  Experiments  are  now  in 
progress  for  the  purpose  of  finding  the  loss  hy  mechanical  jarringj 
tapping,  slight  falls,  and  afterwards  heavy  falls  on  a  wooden  block, 
and  eo  forth.     This  is  of  great  importance  for  practical  purposes. 

The  four  unaiinealed  bars  have  also  been  partially  tested  for 
susceptibility  and  retentiveness,  great  susceptibility  and  small 
retentiveiiess  being  the  qualities  desirable  in  soft  iron.  Broadly 
speaking,  bars  ''  A  "  and  "  E  '*  are  much  more  susceptible  to  small 
magnetising  forces  than  "  H  "  and  *'  K/'  and  retain  much  less  than 
"  H  "  and  "  K  "  when  the  magnetising  force  is  annulled.  These 
experiment-s  are  not  yet  concluded. 


Conclusion. 

In  conclusion,  the  writer  would  specially  thank  the  different 
friends  named  in  the  paper,  who  have  so  willingly  furnished  that 
correlation  of  evidence  which  it  is  now  so  important  to  have  when 
studying  the  properties  of  a  complex  body  like  steel,  and  such  as 
the  chromium  steel  under  consideration.  It  is  hoped,  by  meansJ 
of  tliis  correlation^ncluding  chemical  compositioUj  mechanical, 
physical,  and  electrical  properties,  microscopic  character,  and, 
finally,  by  the  admirable  and  systenmtic  research  work  of  M. 
Osmond  on  behaviour  under  thermal  treatment — that  a  knowledge  < 
of  the  properties  of  the  special  alloy  under  consideration  has  beer 
made  as  complete  as  is  at  present  obtainable. 
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A. 

Deposition  of  Chromium. 

Tft  Wfltt's  "  Electro- Deposition  *'  the  following  particulars  are 
^iven  respecting  the  deposition  of  chromium  : — 

"  lu  his  investigation  concerning  the  electrolysis  of  metallic 
salte,  Buusen  determined  the  causes  which  most  influence  the 
leptmtion  of  the  metal ;  those  causes  tire  two  in  nuraher,  the  prin- 
cipal of  which  is  owing  to  the  dendty  of  the  current,  and  the  other 
lolhe  greater  or  less  concentration  of  the  electrolyte.  By  density 
bmaans  the  concentration  to  a  single  point  of  Hhe  electrical"  nn- 
iaktioiis,  in  a  manner  analogous  to  the  concentration  of  luminous 
<r  calorific  rays  in  the  focus  of  a  concave  mirror.  Let  us  take,  for 
tumplt,  a  charcoal  crucible  in  communication  with  the  positive 
pole  of  the  battery,  and  place  it  in  a  small  capsule  of  glazed  por- 
ciliiB  containiu;,'  the  liquid  to  be  decomposed.  The  space  be- 
Iteea  the  crucible  and  the  capsule  is  filled  with  hydrochloric  acid, 
lad  the  liquid  of  the  small  capsule  is  put  in  communication  with 
the  battery  by  means  of  a  thin  slreet  or  wire  of  platinum,  (For 
liiis  purpose  the  platinum  wire  must  be  exactly  in  the  centre  of 
the  crucible ;  if  not,  by  virtue  of  its  tendency  to  take  the  shortest 
Hud,  the  current  is  established  in  preference  between  the  nearest 
poiata)  The  current  is  then  established  between  a  large  surface, 
tbt  charcoal  crucible,  and  a  fine  platinum  wire,  in  which  it  is  con- 
ttfttrated ;  the  effects  are  added  in  this  direction,  and  the  fluid 
capable  of  overcoming  aflSnities  which  have  hitherto 
powerful  batteries.*  The  apparatus  just  described  is 
llieed  in  a  porcelain  crucible,  which  is  kept  warm  in  a  sand- 
btK 

**By  the  above  arrangement  Bunsen  succeeded  in  separating 
Atotniiuxi  with  perfect  facility  from  a  concentrated  solution  of 

iti  chloride.     The  deposited  metal,  which  was  chemically  pure. 
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presented  the  appearance  of  iron,  but  was  less  alterable  in  moist 
air.  It  resisted  the  action  of  even  boiling  nitric  acid,  but  was 
acted  upon  by  hydrochloric  acid  and  dilute  sulphuric  acid.  Bun- 
sen  found  that  wlien  the  current  was  diminished  the  metal  ceased 
to  be  deposited  in  the  metallic  state,  but  appeared  as  a  black 
powder  consisting  of  protoxide  and  sesquioxide  of  chromium." 

In  the  Engineering  and  Mining  Journal  of  16th  July  1892, 
there  is  also  given  the  following  information  respecting  the  elec- 
trolytic deposition  of  chromium : — 

"  The  following  solutions  for  chromium  plating  are  given  by 
Messrs.  Placet  &  Bonnet  in  the  Moniteur  Indiistriel,  No.  25 : — 

"  1.  Chrome  alum,  10  to  15  parts;  alkaline  sulphate,  10  to  15 
parts  ;  oxalic  acid,  5  parts ;  and  water,  100  parts.  This  solution 
is  heated  until  it  turns  violet.     Any  organic  acid  may  be  used 

"  2.  Chromium  sulphate,  15  to  20  parts ;  water,  100  parts.  Sul- 
phuric acid  to  acidulation. 

"  3.  Alkaline  chromate  or  bichromate,  10  to  15  parts ;  chrome 
alum,  15  to  20  parts ;  and  water,  100  parts.  Many  other  salts 
can  be  used  instead  of  the  chrome  alum  in  the  solution.  The 
chromium  is  deposited  at  the  negative  pole.  While  the  deposition 
takes  place  at  ordinary  temperatures,  it  is  more  rapid  when  the 
solution  is  warm.  It  is  also  assisted  by  the  addition  of  sugar, 
alcohol,  or  glycerine." 


B. 

The  patent  of  Mr.  James  Park,  of  Millburn  Chemical  Works, 
Glasgow,  is  described  in  Specification  No.  377,  1888.  The  follow- 
ing are  the  claims : — 

1.  Obtaining  chromium  by  first  heating  bichromate  or  other 
chromate  of  ammonium  and  sugar,  or  other  suitable  carbonaceous 
matter,  to  obtain  a  mixture  of  oxide  of  chromium  and  carbon; 
secondly,  heating  the  oxide  of  chromium  and  carbon  to  form  spongy 
chromium;  and  thirdly,  heating  the  spongy  chromium  to  form 
compact  or  solid  chromium  substantially  as  hereinbefore  described. 

2.  Obtaining  chromium  by  mixing  oxide  of  chromium  obtained 

■jichromate  or  other  chromate  of  ammonium  with  carbon; 
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mi  heating  the  mixture  to  form  spongy  cliromium,  and  by  sub- 
lequenUy  beating  the  spon^'y  chromium  to  form  compact  or  solid 
ciiromium  substantially  as  hereiobefore  described. 

3,  Obtaining  oxide  of  chromium  by  heating  bichromate  or  other 
chromate  of  ammonium  substantially  as  and  for  the  purposes 
kreinbefore  described. 


•PWARATIOX  OF  CimoMniM,"  by  Dr.  Em,  Glatzel,  Lehmdamm,  6-2, 

Breslau, 

(Trow  *A^  Journal  of  the  Society  of  Chemical  Industrtff  February  28,  189 L) 

PaUssium  chromic  chloride  is  reduced  by  magnesium  in  the 
feeieoce  of  potassium  chloride.  100  grms.  of  potassium  bichrom- 
^  are  diisolved  in  as  little  water  as  possible,  and  to  the  solution 
tdded  400  c.c.  of  hydrochloric  acid  (sp.  gr.  1*124),  and  then  100 
o(  JJO  p^r  ceut.  alcohol  potassium  chromic  chloride  is  obtained 
ieoonhjig  to  the  equation — 

KjCr.Oj + 8HC1  +  :3C2H,OH  =  2KClCr2C]^+ SCH^COH  +  7H.0. 

To  the  solution  so  obtained,  160  grms.  of  potassium  chloride  are 

iiiiicd,  and  after  filtration  the  whole  is  evaporated  to  dryness,  and 

iinher  heated*     Green  particles  are  removed,  and  the  mass  is  then 

powdered  and  mixed  with  50  grms.  of  magnesium  cuttings  ;  that  is, 

Aont  double  the  quantity  theoretically  necessary.     The  mixture 

m  nised  to  a  red  heat  for  half  an  hour  in  a  covered  Hessiaa 

meible.    On  cooling,  the  crucible  is  broken,  the  dark  grey  masa  ' 

k  freed  from  particles  of  chromic  oxide,  and  is  then  thrown  into 

viSen     By  decantation  the  pottissium  chloride  and  magnesium 

Florida  are  got  rid  of,  and  then  the  excess  of  magnesium  and  the 

•igiicda  are  removed  by  the  aid  of  dilute  nitric  acid.     The 

doomitim  is  finally  dried  on  the  water-bath.     It  is  obtained  in 

«ch  a  6nally  divided  state  that  filtration  cannot  be  used  in  the 

i:  purification  processes. 

•led,   the  chromium   consists  of  microscopic  crystals 
-.„, .      ^.,*te.     Rubbed  in   an  agate  mortar,  it  shows  metallic 

lil»2— ii  H 
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lustre.  Its  specific  rrravity  at  IG""  C,  is  6*72cS4  (Wohler  found 
6*81  at  25"*;  Bniisen  6  7).  A  magoet  has  no  effect  on  the  metal 
— T,  L.  B. 

In  '*  Clarke's  Constants  "  Bunsen  is  stated  to  ^ive  it  at  7*3.  and 
the  metal,  according  to  Longhlin,  reduced  from  KCy.  6'2, 


D. 

New  Method  of  Making  Chrome-Manganese  Iron. 

{Extracted  frmii  ^^New  York  Mining  arid  Engiftemng  Journal^) 

A  proposition  has  been  made  to  utilise  Bessemer  slag,  which 
consists  in  grindiog  it  fine,  addiug  chrome  ore,  and  mixing  these 
with  taij  so  as  to  form  the  mass  into  blocks,  and  tiien  smelting 
them  down  in  the  blast  furnace.  The  product  is  chrome-manga- 
nese iron,  the  manganese  emanating  from  the  acid  cinder.  For 
instance,  if  Bessemer  slag  containing  SiOg— 45  per  cent,  FeO^lO 
per  centjMnO  45  per  cent,  is  intimately  incorporated  witli  chrome 
ore  of  the  following  contents — Ct\yO^—50  per  cent.,  Fe203:^12  per 
cent,  AljOj— 11  per  ceut.j  MgO  =  18  per  cent,  SiO,— 9  per  cent 
and  the  necessary  carbon,  and  the  mixture  be  reduced  by  melting, 
the  following  alloy  will  approximately  be  obtained — ^0  per  cent, 
Mn.,  50  per  cent  Cr.,  26  per  cent  Fe.,  together  with  a  slag  which 
contains,  say,  up  to  50  per  cent.  SiOo.  1  to  2  per  cent  FeO,  14  per 
cent  Algt^,  18  per  cent  MnO,  16  per  cent.  MgO,  and  only  traces 
of  Cr^O^.  The  separation  of  the  metal  from  the  slag  is  perfect 
because  the  Bessemer  cinder  forms  an  excellent  solvent  for  the 
otherwise  almost  infusible  earths  accompanying  the  chrome  ores; 
and  again,  because  the  mangnnese  in  the  chrome  alloy,  which  of 
course  will  depend  on  the  quality  of  the  Bessemer  slag  employed, 
makes  this  metal  quite  fluid.  The  exact  quantity  of  manganese 
in  the  alloy  can,  of  course,  be  obtained  by  adding  manganese  ores 
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REPORT  ON  THE  CHROiMIUM  STEELS  OF 
MR.  R.  A.  HADFIELD. 

(Ih  jhcioffTOfhi  of  the  TmcTo-strntturt  of  tht$e  steels  mil  be  found  in  Fig.  19.) 


By  F.  OSMOND,  Pabis. 


Stbuctuee. 

1176  B. 

/or^€d  into  bars  of  y*  x  Y\ — Etched  by  dilute  Bitric  acid  (1  vol. 
icid  at  36  Beaum^,  and  4  vols,  of  water)  for  thirty  secouds,  or  by 
Sir  Fredk.  Abel's  reagent  for  one  minute. 
The  structure  is  only  visible  under  high  powers. 
An  ordinary  steel  with  016  per  cent  of  carbon  is  composed  of 
polyhedric  grains  or  crystals  of  lamellar  structure,  between  wliieh 
die  cartiide  of  iron  Fe^C  is  irregularly  disposed.*  The  surfaces  of 
eootact  between  the  grains  themselves  form  the  surfaces  of  least 
teitstance  along  which  disruption  takes  place,  so  that  the  resistance 
to  bteaking  of  a  mild  steel  represents  the  cohesion  of  the  grains, 
and  not  the  resistance  of  the  grains  themselves. 

The  structure  of  B.  is  quite  diflerent  to  this.     In  it  may  be  dis- 

tisgiiished  small  spots  of  greater  and  small  spots  of  lesser  bright- 

nias;  but  when  a  sufficiently  high  magnifying  power  is  employed, 

il  may  be  seen  that  the  whole   mass  is   formed  of  what  Mr. 

Werth  and   I   have  called   "  simple    cells/*  that  is  to  say,  of 

mall  granulations  of  iron  agglomerated  without  any  geometrical 

Ofder,  with  or  without  the  interposition  of  carbide  of  iron.     The 

WOtl  brilliant  points  or  spots  are  those  in  which  the  iron  is  purest 

•mi  most  compact ;  the  dark  spots  are  more  carburised  or  more 

fOfWia,  or  both.    There  is,  however,  no  very  distinctly  marked  line 

of  division  between  the  regions  of  unequal  brightness,  as  in  ordi- 

Mry  Bt<^els ;  the  passage  from  one  to  the  other  is  gradual  and 

^mdefined. 

This  structure  appears  to  be  excellent,  and  is  characterised  by 
B»w»  tractare.    A  somewhat  similar  structure  might  be  obtained 

•  /mtrfiAl  of  Iron  awl  SUd  IfittUuU,  1891,  voL  h,  pi.  i.  ami  ii- 
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in  the  case  of  ordinary  steels  of  the  proper  degree  of  hardness  by 
water  hardening  and  later  tempering  or  by  lead  quenching. 

Photograph  was  taken  for  purposes  of  comparison  with  an  en- 
largement of  80  diam.  But  in  reality  this  only  showed  the  relative 
absence  of  structure,  the  details  being  too  delicate  for  my  appa- 
ratus to  be  capable  of  reproducing  them. 

There  still  remains  the  question  how  far  the  observed  stracture 
is  due  to  chromium  or  to  forging  at  a  low  temperature.  This  we 
may  ascertain  by  examination  after  annealing. 

Annealed  at  1030''  C.  (see  photograph). — The  light  and  dark 
portions  are  a  little  better  individualised  than  before  the  annealing, 
and  the  structure  approaches  more  closely  to  that  of  a  steel  without 
chromium  of  the  same  degree  of  hardness.  With  this  reservation, 
the  description  of  the  forged  metal  might  be  applied  to  the  annealed 
metal.  It  might  be  said  that  the  steel  shows  no  traces  of  crystal- 
line structure.  Thus  chromium,  when  present  even  to  the  small 
amount  of  0*29  per  cent.,  interferes  very  considerably  with  the 
formation  of  crystals  of  iron  and  their  separation  from  the  cement. 

1176  C. 

Forged  into  bars  of  J"  x  J". — Etched  by  nitric  acid  20  per  cent 
voL  for  twenty  to  twenty-five  seconds.     High  power  required. 

The  grains  are  a  little  better  individualised  than  in  B.,  even  when 
annealed.  However,  they  are  not  distinctly  detached  from  the 
darker  matrix,  and  the  structure  is  still  that  of  simple  cells. 

In  this  instance  photography  was  not  employed.  It  would 
have  shown  an  appearance  intermediate  between  that  of  B 
andF. 

The  appearance  of  the  sample  indicates  an  amount  of  carbon 
at  least  equal  to  that  of  B,  say  about  0*20  per  cent.,  instead  of 
0'05,  as  shown  by  analysis.  The  cooling  curves,  as  will  be  seen 
later,  confirm  this  indication. 

Annealed  at  1030°  C. — Has  not  been  examined. 

Annealed  at  1250°  C. — The  crystallisation  of  the  iron  in  "  den- 
drites "  took  place  pretty  much  as  in  the  case  of  ordinary  steels 
(see  the  photograph). 
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1176  E. 

Forgid  into  bars  of  J"  x  J". — Etched  by  nitric  acid  at  20  per  cent. 
for  twenty  seconds* 

grains  were  more  distinct  than  in  G,  display  a  tendency 
to  subdivide  into  lamina?,  and  are  easily  distinguishable  from  the 
daricer  matrix — the  latter  being  apparently  formed  of  granules  of 
mn  fittiTOunded  by  carbide.  The  structure  is  therefore  composite, 
eooaistiiig  of  a  mass  of  •*  simple  cells  "  enclosing  embiyonic  "  com- 
piMiiid  cells/'  However,  the  passage  from  one  to  the  other  is 
lem  sudden  than  in  the  case  of  ordinary  steels  of  the  same 
degree  of  hardness,  and  the  average  diameter  of  the  cells  is  much 
sfliaUer  (0O05  mm*  instead  of  about  0^03  mm,). 

The  result  of  forging  is  to  cause  the  grains  of  iron  to  arrange 
themeelves  in  parallel  lines  separated  by  dark  bands,  at  least  in 
Uiose  parts  which  have  been  subjected  to  the  maximum  pressure; 
md  this  13  also  the  case  with  the  other  samples. 

If  a  photograph  had  been  made,  it  would  have  shown  an 
appearance  similar  to  that  of  F. 

The  amount  of  carbon  present  would  be  somewhere  about  0*25 
per  cent,  (instead  of  0*12),  according  to  the  indications  shown  by 
Ike  cooling  curves. 

AnmaUd  at  1030*"  C — The  grains  of  iron  are  clear  and  dis- 
tmcty  and  the  structure  does  not  differ  much  from  that  of  an 
ordtiisry  steel  of  the  same  degree  of  hardness,  except  by  the  small 
use  of  the  grains,  which  are  ranch  smaller  (about  five  times  in 
dismeier  and  125  times  in  volume).  The  photograph  shows  the 
genersl  appearance  of  F.  when  annealed,  though  the  dark  matrix 
is  less  extensive  owing  to  the  smaller  content  of  carbon. 


1176  R 


F<sTg9diniGhaT9  of\'*  x  J"- — Etched  by  nitric  acid  20  per  cent*  vol. 
for  fifteen  seconds.     (See  photograph  magnified  80  and  300  Dias.) 

The  bright  points^  having  a  mean  diameter  of  0*015  mm.,  or 
fambotita,  are  small  composite  cells  of  lamellar  iron ;  the  dark 
appears  to  be  formed  of  simple  cells  of  iron  cemented 
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together  by  carbide ;  but  I  have  not  been  able  to  see  any  trace 
of  the  alternate  layers  of  iron  and  carbide,  first  observed  and 
described  by  Dr.  Sorby  in  his  admirable  reaearches.  The  absence 
of  the  lamellar  structure  is  general  in  all  the  chromium  steels, 
whether  forged  or  annealed. 

The  amount  of  carbon  present  may  be  estimated  at  0*35  per 
cent. 

Annmlcd  at  1030"  C, — The  effect  of  the  annealing  is  the  same 
aa  in  the  case  of  K  The  grains  of  iron  are  a  little  larger 
and  reach  a  diameter  of  0  01  mm.  The  passage  of  the  granules 
into  the  matrix  is  less  distinct  than  in  the  case  of  ordinary 
steels. 


1176  J. 

Forged  into  bars  of  \"  x  \*\ — Etched  by  nitric  acid  of  20  per  cent* 
vol  for  ten  to  fifteen  seconds.  The  tint  assumed  was  that  of 
black  hardening  carbon.     This  steel  is  very  hard  (self-hardening). 

This  metal  is  characterised  by  the  presence  of  a  number  of 
small  white  points  of  great  hardness  and  brilliancy,  which  arc 
scarcely  at  all  attacked  by  the  acid  (see  photograph).  These 
white  points,  which  we  find  to  be  much  more  numerous  in  sample 
L,  appear  to  be  compound  of  iron,  chromium,  and  carbon. 

The  matrix  has  the  structure  of  an  hardened  steel,  and  is  entirely 
composed  of  simple  cells  of  about  0*001  mm,  in  diameter*  The 
photograph  shows  the  wliite  points  well,  and  also  the  fact  that 
composite  structure  is  absent. 

Anmakd  at  1030**  C, — No  notable  change  of  structure;  metal 
softer,  but  still  hard. 

Annmled  at  1320°  C, — Complete  change  of  structure.  Etch- 
ing with  acid,  which  must  be  continued  thirty  seconds,  shows 
large  brilliant  grains  of  irregular  shape  and  size,  and  sharply  dis- 
tinct from  the  dark  matrix.  These  brilliant  portions  are  very  hard, 
although  they  do  not  show  the  reaction  of  hardening  carbon  when 
treated  with  nitric  acid ;  they  appear  amorphous,  and,  in  accordance 
with  the  result  of  my  experiments,  I  am  inclined  to  attribute 
them  to  solution  of  the  hard  compound  which  we  found  isolated 
in  the  metal  when  less  heated.  The  dark  matrix  is  of  ordinary 
sfceaL 
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For^  into  bar$  of  l"  X  i" . — Etched  with  nitric  acid  of  20  per 
cent,  vol,  for  tea  to  tifttieu  seconds.  The  etched  surface  is  not 
M  black  as  that  of  J. 

The  brilliant  white  points  which  we  have  discovered  in  J,  are 
infinitely  more  numerous,  aUbough  pieserving  the  same  specific 
eharactemtics ;  their  form  is  spheroidal  and  more  or  less  regular, 
and  their  diameter  0*00 1  mm.  to  O'Ol  mm.  The  |>hotograph 
With  the  enlargement  of  300  D  shows  the  general  appearance  in 
tJiis  sample,  and  reminds  one  to  a  great  extent  of  a  starry  sky. 
The  dark  matrix,  which  the  photograph  does  not  resolve, is  entirely 
composed  of  simple  cells. 

AniuaUd  ai  1320''  C, — ^The  effect  of  this  high  temperature 
is  similar  to  that  noticed  in  J. ;  but,  as  the  amount  of  chro- 
minm  which  it  contains  is  very  much  greater,  the  transformation 
of  the  matrix  into  hard  metal,  httle  capable  of  being  reacted  upon 
by  acids,  and  no  longer  showing  the  reaction  of  hardening  carbon,  is 
almofit  complete.  The  steel  is  composed  of  comparatively  large 
polyliedrons  (0'08  mm.  to  02  mm),  but  they  are  muclt  smaller 
ibaa  they  would  be  in  the  case  of  ordinary  steel  heated  to  the 
nine  temperature.  The  etching  with  nitric  acid  may  be  continued 
•0  long  as  two  minutes  without  sensibly  altering  the  appearance  of 
tbe  sample.  The  polyhedrons  continue  brilliant  and  highly 
folislied*  The  photograph  shows  the  polyhedrons  separated  by 
MaA  joints  presenting  a  bright  middle  line ;  these  joints  are  pos* 
sihly  simple  (issureSi  or  perhaps  a  residue  of  unconverted  steel. 
The  few  traces  of  polish  which  the  great  hardness  of  tlie  metal 
prerented  from  disappearing  are  easily  discernible, 

AnnmUd  at  1320''  C*,  quenched  frorti  1320^  C.  to  cherry-red,  and 
tk£a  cooUd  in  the  ain — Etched  by  nitric  acid  20  per  cent,  vol  for 
l«o  nainutes. 

Tbe  state  of  the  metal  is  the  same  as  above,  but,  as  might  be 
tesseen,  when  the  cooling  is  more  rapid  the  size  of  the  polyhedral 
piiu  diminish.  These  latter  are  not  more  than  0*05  mm, 
wraige  diameter,  and  are  more  coherent.    The  joints  are  extremely 
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fine,  and  can  be  well  seen  by  a  microscope,  but  not  easily  in  tLime 
photograph. 

Annealed  at  1320°  C,  again  heated  to  a  cherry-red  and  cooled  ^En 
the  air, — The  structure  is  not  altered. 

Annealed  at  1320''  C,  then  reJieated  and  forged  into  cherry-r^^Bd 
and  cooled  in  tJie  air. — The  forging  causes  the  special  structure  d«J3e 
to  the  annealing  at  1300°  to  disappear,  and  it  reverts  to  th-^it 
of  the  original  bar. 

Conclttsions. 

In  conclusion,  it  appears  that  the  chromium  interferes  wi'fch 
and  impedes  the  crystallisation  of  the  iron  to  a  considerate le 
extent,  in  this  way  reacting  upon  the  structure : — 

1.  By  the  absence  of  Sorby's  alternating  lamellae. 

2.  By  the  absence  or  diminution  of  the  granular  structu^Ere, 
as  shown  by  Mr.  Brustlein  in  his  publications  on  chromiua.  in 
steels. 

This  action  of  chromium  persists  at  all  temperatures,  but  it  is, 
generally  speaking,  much  more  distinctly  marked  when  the  tempe:x^- 
ture  of  1000°  or  thereabouts  is  not  exceeded,  than  in  the  ce^^e 
when  we  reach  1200°  or  1300°  C. 

The  effect  produced  by  the  chromium  is  not  proportional      to 
the  amount  of  chromium  which  the  metal  contains.     The  snm^I 
amounts  (B.  and  C.)  are  relatively  more  active  than  the  meditim 
amounts  (E.  and  F.).     In  the  first  case  the  chromium  appears     to     y 
be  dissolved;  and  acid  dissolves  the  steel  without  leaving  a^^J     { 
residue.     As  the  amount  of  chromium  increases,  the  compound  of     | 
iron,  chromium,  and  carbon  appears  to  be  formed,  which  is  otxlj 
partially  attacked  by  acid,  and  possesses  great  hardness.     (This  w     i 
what  takes  place  in  silicon  iron.)     This  hard  compound  may  even     ; 
be  isolated  in  the  form  of  globules,  as  shown  in  the  case  of  the     j 
forged  samples  J.  and  L. ;  or  it  may  be  dissolved  at  high  teXJ^""     * 
peratures  (1200°  C.  and  higher)  in  the  metallic  matrix,  bestowing     ,5 
upon  it  a  high  degree  of  hardness  (J.  and  L.  annealed  at  1300**).  ' 

The  absence  or  diminution  of  the  size  of  the  grain  probably 
plays  an  important  r61e  in  the  modifications  which  the  chromiui** 
effect  mechanical  properties  of  steels. 


Laws  of  Cooling. 

Experiments  were  conducted  under  exactly  the  same  conditions 
laa  my  former  experiments  with  other  steels.* 

The  peflulis  are  shown  f^raphically  in  two  different  ways.  With 
aples  1176  B.,  C,  E.,  F.,  which  did  not  show  any  real 
^ce,  the  temperatures  were  taken  for  abscissae,  and  the 
interralB  of  time  ^^hich  elapse  between  the  passages  of  the  luminous 
mdex  over  the  successive  subdivisions  of  the  pyrometer  scale  were 
taken  as  ordinates  (fig.  18), 

In  the  graphic  representation  (figs.  16  and  17)  for  the  samples 

I  J^aiid  L,  in  which  real  recalescence  took  place,  that  is  to  say,  the 

rise  of  temperature  daring  natural  coolings  it  is  the  temperatures 

which  hsve  been  taken  as  ordinates ;  the  abscissae  being  the  time 

which  elapses  from  the  commencement  of  the  cooliog. 

For  the  critical  points  I  employ  the  symbols  B^i,  sl^^  a^  which  I 
bare  exphiined  in  the  paper  alluded  to  above. 

The  cunres  show,  in  the  first  place,  a  certain  divergence  between 
tha  amounts  of  carbon  found  by  analysis  and  the  value  of  r^i* 

The  point  a^j,  which  represents  the  transformation  of  hardening 
orboa  into  combined  carbon,  lasts  about  in  the  case  of— 

UIO  BL     .  20  leooiidi, 

una  .  .     .    22    ,, 

U7»K     .                                ...      29      „ 
1116  F.     .        ,  .        - 38       ,, 

This  leads  to  the  conclusion— assuming  thai  the  content  of  B,  is 
cQirfeet — that  the  other  samples  contain  about — 


im  c. 

1176  E, 
1176  F. 


0*18  iaste»d  of  O'DTi  per  cent. 
0  25  'mtietul  of  012       ,, 
0-35  iDiteAd  of  0-27 


The  dilficulties  presented  by  the  estimation  of  carbon  in  the 
presence  of  chromium  may  explain  these  differences. 

The  position  of  the  critical  points  for  the  diflerent  samples 
cooled  from  1030"*  is  given  in  the  following  table: — 


*  Jommal  n/ikt  Inm  and  JSUd  In$tUuif.  1890,  P&rt  L,  pp.  38-71. 
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1176  L 

■ 
865 
885 
826 
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845-885 
8 10-800 
805-7S»5 

« 

825 
785 
785 

• 
765 
740 
740 

• 
740-7SO 

'   720-710 
720-710 

* 

720 
700 
700 

680 

700 

• 
680-«70 
680-670 
690-6^0 

* 

660  1 
660 
670 

780       700-750 
780  ,        740 

tncximplete 

1  725 
730 

700  1   70(^690   [  m 
682-693 

Rocalescence  At 
684r-704 

This  table  suggests  the  following  reflections : — 

Rra — the  progressive  decrease  of  a,3  in  samples  B.  to  L.  is  easily  ex- 
plained by  the  progressive  increase  in  the  amount  of  carbon.  This 
decrease  would  be  even  more  rapid  if  the  chromium  were  absent 

The  chromium,  as  I  have  already  shown  in  the  Unieux  steel, 
does  not  lower  a^^  in  the  conditions  of  cooling  which  have  been 
considered,  and  which  are  the  ordinary  conditions  under  which  my 
experiments  were  carried  on.  It  does  not,  however,  maintain  the 
iron  in  the  condition  j3,  and  consequently  does  not  cause  hardness 
in  the  absence  of  carbon.. 

We  know,  on  the  other  hand,  that  bodies  whose  atomic  volume 
is  greater  than  that  of  iron  (silicon^  aluminium,  phosphorus, 
arsenic),  have  a  tendency  to  make  a^  disappear.  The  curves 
of  samples  B.,  C,  E,,  and  F.,  do  not  sho%v  that  chromium  produces 
the  same  eflfect ;  but  it  should  be  remarked — 

(1.)  That  the  atomic  volume  of  chromium  (7'7)  is  only  a  very 
little  greater  than  that  of  iron  {7"2). 

(2.)  That  the  action  of  increasing  amounts  of  chromium  is 
struggling  with  that  of  increasing  amounts  of  carbon. 

a^ — The  action  of  chromium  is  not  noticeable. 

Rj^ — The  progressing  elevation  of  a^^  from  B.  to  L.  is  explained 
by  the  increase  in  the  amount  of  carbon. 

In  addition,  the  absolute  position  of  r^  is  in  all  cases  some- 
what higher  than  it  would  be  if  chromium  were  absent,  as  we  have 
already  shown  iu  the  case  of  the  Unieux  steels.     The  chromium^ 
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tbersfare,  baatons  the  transformation  of  "  hardening-carbon  "  into 
'uxuealitig- carbon''  during  the  cooling  of  the  steel,  at  any  rate  in 
ik  cm^dUyms  under  considtraiion ;  on  this  part  it  is  not  a  cause 
df  hardening. 

Tht  Rate  of  Coolinff, — It  is  well  known  that,  in  the  case  of  all 
Mels,  the  critical  points  are  lowered  when  the  rate  of  coolinir  in- 
I8es»  and  that  when  the  limit  is  reached  the  chemical  or  niole- 
ettlar  phenomena  represented  by  these  criticEil  points  partially  or 
iltogether  disappear.  It  is  on  this  fact  that  I  have  fonnded  the 
KiltafT  of  hardening ;  and  it  would  be  interestiog  to  see  whether 
tbe  cbrominm  does  not  produce  an  effect  upon  it. 

Willi  the  Leclerq  and  Forquignon  furnace,  which  I  employed 
la  my  experiments,  it  is  easy  to  cause  tlie  rate  of  cooling  to  vary. 
II  general,  when  the  temperature  has  arrived  at  the  desired  point, 
shut  off  the  gas  and  air  jets,  and  remove  the  cover  from  the 
furnace^  and  in  this  way  I  obtain  wliat  I  call  normal  cooling. 
1 19  under  these  conditions  that  the  previous  experiments  have 
bean  made. 

I  obtain  a  retardtd  cooling  by  leaving  the  cover  on. 
I  olHain  a  hastened  cooling  by  removing  the  cover,  and  leaving 
Ibe  cold-air  tap  open. 

Finally,  withdrawing  the  bars  from  the  tube  and  letting  them 
cool  in  the  air,  rapid  cooling  is  obtained  (the  most  rapid  which 
iiis  poesible  to  follow  with  the  chronograph. 

I  have  examined  from  this  point  of  view  the  samples  C,  and  J. 
The  results  are  given  in  the  following  table : — 

117C  a  (Fig.  18). 


Ar^. 

Ar,. 

Ar,. 

^^ioltai«f^oiii10irc. 

nttig. 

Miirt- 
miim. 

End    ^^^'    ^•**"     End- 

UmnaX 

r^fiMlUiiir      ,    .    . 

• 
SSI   1  810  800 

770     750^7^ 

\ 

785     740 
780     730 
730     710 

. 

720-710 
710 
690 

700     690     fiSO-670  660 
mh     680     Ii70-0e0  650 
tJ80,    660     640^4>30   QIO 

it  will  be  seen  that  the  lowering  of  the  critical  points  is  but 
ilight  in  the  case  of  the  hastened  cooling,  and  more  noticeable  in 
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the  case  of  the  rapid  cooling  ;  but,  in  the  absence  of  chromium, 
the  variations  have  been  shown  to  be  of  the  same  magnitude ;  the 
chromium,  up  to  an  amount  of  0  48  per  cent.,  does  not  exercise  any 
marked  effect. 

IITG  J.  (Fi-.  16),      ^ 

Cooling  from  ]030'.  Ar,.,. , 

Ketardfld         ,        .        .         .        .      recAleJicence     fl^r^SK)' 

Normal    ,        '[ G.S2"-G92° 

Hastened (348' -6(55' 

RniMti  (iu  air) ,  no  lecalescejice. 

The  influence  of  chromium,  or,  more  probably,  of  the  chromium 
compound  of  iron  and  carboDj  of  which  we  have  proved  the 
existence  io  examininjij  the  stnicturej  is  in  this  case  considerable. 
During  the  cooling  in  the  air,  the  bars  of  \"  no  longer  show 
recalescence — that  is  to  say,  the  steel  in  question  is  as  well 
hardened  by  simple  cooling  in  air  as  any  ordinary  steel  by  quench- 
ing in  water.  Nevertheless,  the  steel  L,  which  contains  more 
chromium  than  J.  (9 "18  instead  of  5'19),  with  a  little  less  carbon 
(0"71  instead  of  0'77)j  does  not  harden  by  coohng  in  air,  the  other 
conditions  being  the  same.  The  amount  of  manganese  (0*61  instead 
of  0  25)  contained  in  J.  must  then  be  taken  into  account,  as  it  causes 
lowering  of  the  critical  points ;  it  is  also  probable  tliat  the  amount 
of  active  compound  of  chromium,  iron,  and  carbon  in  the  dissolved 
condition  is  greater  than  in  the  case  of  L,  where  the  compound 
takes  more  easily  the  form  of  isolated  nucleus. 


Injiuentc  of  Initial  Temperature  in  Cooling, 
1176  a  (Fig.  18). 


Ar,. 

Ar,. 

Ar,. 

Cooling  from 

ning. 

tnimi. 

End- 

Begin- 
iiing. 

mum.        ^«^ 

1030*  C. 
1260- C, 

835 
«25 

810-800     785 
790-780    770 

740 
750 

720-710    700 
730-720    690 

690      680-670    6601 
6S0   1  670-660    650 

If  the  initial  temperature  rises  from  1030'  to  1250",  a^  is  lowered 
by  about  20°,  and  a^^  by  about  10*.  The  eflect  of  0*48  of  chromium 
is  thus  doubtful  in  the  case  of  a^i,  and  marked  in  the  case  of  a^  to 
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siicli  an  extent  that  the  latter  point  h  not  displaced  under  the 
same  conditions  in  the  absence  of  chromium. 


ll7ti  J.  (Fig.  17), 


1030*0. 
1220*  0, 

I32oro. 


E«eiile4C«iic6  Ar«.q. 


SlMkebins 


713  to  716*"  C. 

640  to  mop  c. 


In  proportion  to  the  increase  in  the  initial  temperature  the 
recalescence  is  lowered  rapidly;  when  the  cooling  begins  at  1320% 
there  ia  no  longer  any  real  recalescence,  and  the  heat  disengaged 
m  much  less  than  the  normal  amount 


1176  L  (Fig.  17). 


I 


Canlioc  befiins  ftt   750°  C« 

atKfo. 

92XfO, 

H       „        loar  o. 

IMO^  c. 
132^0. 


M&ximum  of  Ar;).2'} 

T*iothmg 

SlackeniDg  from        ♦        .        ir^  to  744°  C, 

714  to  704"  C. 

BecftleMenoe     .        .        ,        684  to  704°  C\ 

Slackening  (incomplete)  from  635  to  625'  C. 

„    (vory  incomplete)    ,»     615  to  600"  C. 


A»  in  the  case  of  J.,  the  influence  of  the  initial  temperature  is 
ntQch  more  considerable  than  in  the  case  of  ordluary  steels.  All 
flw  coolings  being  conducted  under  the  same  conditions,  the 
^tumtiiy  of  heat  evolved  during  the  cooling  commencing  at 
1230*  i^  incomplete,  and  that  which  is  disengaged  during  the 
doling  commencing  at  1320*  is  much  less.  Thus  for  J.,  as  for  L, 
Jflhe  initial  temperature  on  commencing  the  cooling  is  sufficiently 
iugij,  fAe  anntaiinff  produces  the  ordinary  effects  of  hnrdcnin^,  J. 
*tol  L  when  cooled  from  1320'  are  very  hard,  and  this  fact  would 
*«ttainiy  be  found  to  have  important  applications  if  the  metal 
iin}  hardened  should  not  become  like  a  burnt  steely  i.^,,  very  fragile, 

Thu  curious  property  of  chromium  appeared  to  be  due,  as  has 
illtady  been  pointed  out  when  considering  the  stracture,  to  solu- 
tioo  to  the  mass  of  metal  of  the  hard  compound  of  chromium, 
inniftnd  carbon.  This  compound  would  not  have  sulficitnt  time 
to  aggregate  during  the  cooling  which  I  employed,  though  it 
•as  fatlief  slow;  but  it  would  probably  happen  during  a  still 
dower  cooling,  for  Mr.  Hadfield  has  not  succeeded  in  hardening  in 
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this  process  anythmg  but  bars  of  small  dimensions.  The  forgiog 
would  also  appear  to  facilitate  liquation. 

However  that  may  be,  the  hardness  resulting  from  heating  up 
to  1300^  15  very  stablei  and  does  not  disappear  on  reheating  to 
cherry-red,  as  iu  the  case  of  ordinary  tempered  steel.  Magneta 
manufactured  from  this  metal  would  probably  possess  the  qualities 
of  great  permanence. 

Finally,  I  would  draw  attention  to  the  great  amount  of  space 
which  exists  between  the  critical  points  during  the  heating  and 
cooling,  respectively.  The  coolings  of  L.,  beginning  at  750*  and 
800°  C.>  show  that  a^ji^-i  i^  ^^^  commenced  at  750'  and  not  com- 
plete at  800*,  since  the  recalescence  is  not  normal  during  subse- 
quent cooling.  The  transformations  of  iron  and  carbon  are  thus 
progressive  during  the  heating,  and  consequently  the  mode  of  con- 
ducting the  operation  of  hardening  may  be  varit^d  within  w*ide  limita. 

PoiKTS  OF  Fusion. 

After  the  last  experioieut  with  L.  the  shape  of  the  bars  was 
very  much  altered  near  the  spot  at  which  the  couple  was  inserted. 
The  maximum  temperature  shown  by  the  latter  had  been  1325* 
to  1330** ;  as  two  points  of  the  same  bar  separated  by  less  than 
half  an  inch  could  not  possibly  be  of  very  different  temperatures, 
it  is  phiin  that  the  melting-point  of  L.  would  not  be  very  much 
higher  than  1330',  unless  this  metal  should  pass  through  a 
prolonged  pasty  condition.  But  such  a  condition  supposes  the 
fusion  of  one  of  the  constituents.  Steel  containing  the  same 
amount  of  carbon  without  chromium  does  not  melt  until  the 
temperature  is  about  1420^. 

In  the  case  of  J.,  the  temperature  rises  regularly  to  1380*. 
At  1380°,  the  luminous  index  begins  to  oscillate,  showing  that 
the  point  of  fusion  is  nearly  reached.  The  experiment  was  then 
stopped,  and  the  bars  were  found  to  be  slightly  altered  in  shape. 
The  metal  consequently  became  very  much  pasty. 

General  Conclusioks. 

It  appears  to  result  from  all  these  experiments  that  chromium 
may  exist  in  steel  in  three  states  at  least,  either  separately  or 
simultaneously. 
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1.  Ill  the  state  of  dissolved  chromiiiin. 

2.  In  the  state  of  a  compound  of  chromium,  iroD,  and  carbon, 
in  the  form  of  isolated  globules. 

3.  Also  the  same  condition  in  the  form  of  a  solidified  solution. 
Pure  chromium  dissolved  in  pure  iron  does  not  appear  to  have 

any  physico-chemical  action,  and  would  not  have  any  other  effect 
tliaii  that  of  interfering  with  the  crystallisation  of  the  iron ;  but 
tJiis  effect  is  none  the  less  extremely  interesting,  from  the  point  of 
view  of  the  mechanical  properties. 

The  triple  compound,  in  the  form  of  isolated  globules,  is  very 
hattL  When  incorporated  with  a  more  malleable  matrix,  it  natu- 
rally communicates  to  it  a  certain  degree  of  hardness,  combined 
with  the  relative  plasticity  of  the  matrix  itself.  The  same  com- 
]ioand  dissolved  J  owing  to  the  introduction  of  carbon  into  the 
molecule,  behaves  like  a  body  of  small  atomic  volume,  according 
to  the  law  of  Boberts- Austen,  hindering  the  molecular  traiisforma- 
tioii  of  the  iron,  and  maintaining  the  metal  in  tlie  condition  of  j8. ; 
from  which  results  the  general  or  partial  hardness  of  the  whole, 
Accaniing  to  the  pioportions  of  chromium  and  carbon,  and  the 
diffusion  more  or  less  regularly  of  the  compound  in  question. 

It  now  remains  to  isolate  this  compound  of  chromium,  iron,  and 

carbon  by  chemical  means;  but  this  appears  to   present  great 

difficulties,  as  it  is  more  or  less  attacked  by  all  the  reagents  which 

have  been  hitherto  tried.     However  that  may  be,  the  behaviour 

of  the  chromium  does  not  stand  rdoiie  when  considered  from  the 

chemical  point  of  view  ;  for  many  bodies  combine  with  iron  alone, 

or  with  the  iron  carbide  and  form  definite  compounds,  which  may 

be  either  dissolved  in  the  mass  of  iron,  or  separated  as  free  con- 

atituents,  when  the  alloyed  body  is  present  in  sufiSciently  large 

proportions.     The  solutions  of  salts  in  water  behave  in  exactly 

the  same  way,  and  as  much  may  be  said  of  metals  dissolved  in 

oae  another,  as  shown  in  the  vahmbie  researches  of  Heycock  and 

Neville,  and  those   of   Professor  Roberts -Austen*      One  of   the 

peeuUarities  attaching  to  the  history  of  chromium  is  the  property 

wiich  this  metal  possesses  of  remaining  free  or  combining  with 

csrbon,  so  passing  from  the  class  of  bodies  with  high  atomic 

%>lame  to  the  class  of  bodies  with  small  atomic  volume. 

It  is  difficult  to  foresee  where  the  peculiarities  which  we  have 
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been  engaged  in  examining  will  find  new  practical  (ipplications, 
but  it  appears  to  be  evident  that  the  scientific  study  of  chromium 
steel,  together  with  its  mechanical  properties,  would  introduce  a 
greater  degree  of  regularity  and  certainty  in  its  manufacture. 


^Ielting-Point  of  Ferro-Ciieomium^i. 

As  the  Le  Cliatelier  couple  should  have  been  injured  by  tli^ 
melted  metal,  I  have  endeavoured  to  determine  approximately  the 
melting  points  by  indirect  way. 

I  heat  the  empty  tube  furnace  up  to  a  Ji-xed  temperature,  wliich 
is  determined  by  the  bare  couple.  I  then  introduce  into  the  tube, 
and  at  the  place  where  the  couple  was  situated,  the  fragment  of 
metal  to  be  examined  at  the  end  of  an  iron  wire,  and  watch  what 
takes  place  through  a  blue  glass.  If  the  metal  does  not  run^  I 
withdraw  it,  raise  the  temperature,  and  begin  again.  The  process 
is  obviously  a  rough  one,  but  it  enables  one  to  obtain  a  first 
approximation,  which  is  of  some  value.  The  following  results 
are  obtained  :— 

Ferro-chrmmim  D  at  4Ap€r  cent,  of  chromium — 

At  ISSS**  C,  the  metal  runs  a  little  in  contact  with  the  iron 
wire,  the  iron  lowering  the  point  of  fusion,  but  it  is 
quite  a  local  fusion. 
At  1395*        ditto. 
At  1445"        fusion. 
The    melting-point    is    therefore    between    1395''  and    1445% 
and,  according  to  the  course  of  the  experiments,  nearer  to  tbd 
one  temperature  than  to  the  other — that  is  to  say,  somewhere 
about  1430^ 

FerrO'chromiitrn  66  per  cenL  of  chromium — 
1440'  shows  small  drops  of  metal  appearing. 
1450°  shows  larger  drops,  and  a  change  of  form  begins. 
1475°  the  metal  is  pasty  and  much  altered  in  shape, 
is  not  yet  really  melted. 
It  is  thus  plain  that  ferro-chromium  undergoes  liquatioi^ 
two  parts,  one  fusible  below  1440°»  and  another  more  refra 
I  have  not  been  able  to  heat  it  above  1475^ 
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Tablk  XL—ExperirnenU  with  diromium  Steel.  Ring,  Mark  1176 
{•71  C.  9'18Cr.  percent) 

By  Dr.  Hopkin80N. 
(These  reralta  are  plotted  in  Figa.  14  and  15,  Diagram  VI) 
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Table  VII. — Speeifie  RestBttinteM  of  Ghromium  Steel  Wires. 
By  Dr,  IIopkixson. 
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Vablr  IX. — To  iee  the  Ep.it  of  Heal  Tteaiment  on  Four  Sampleg  of 

Cfirmnium  Steel,  1 1  in,  diameter  x  3  in.  long, 

(Eaoti  Sample  was  raised  to  a  weldiog  beat  aud  CK>olQd  in  air,) 
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Eesults, 


Fracture*  wita  similar  to  that  of  t}ie  <!it<!el  luefore  treatment, 
ami  no  ijicreii«e  in  hardnesi  was  noticed. 

Do,  do. 

The  sample  was  changed  from  iti  cotnpiiratively  mlt 
natare  iuto  one  that  could  Dot  be  filed.  In  other 
words,  the  steel  showed  "^  self -hardening  "  properties, 
that  is,  beeame  hard  withont  the  usurd  wnter-quench- 
ttig  i^rooeas. 

Do^  do. 


Jfof^^^The  reaolts  from  J  and  L  were  confimtcd  independeutlj  by  M.  OsmoEd, 
f%a  gives  foil  details  in  the  report  acoompanyiiig  his  paper. 

h  must  be  borne  in  mind  ihiit  the  sampkfl  were  comparatively  small  in  aixe,  ban 
f  litfer  dimensLons  would  probably  not  tjool  anfficiently  quickly  to  gi%'c  thiB  hiirdnesK, 
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-  Welding  Tests  of  Chromium  Steel  on  Bars 
^  in.  wide  x  ^  in,  thick 
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Results. 
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Heated  to  weldinj^  beat,  but  no  adhesion. 

Heated  to  welding  beat  with  sand,  but  no  adhetion. 

The  iame  reaalfea  as  with  Sample  B. 
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Table  XL  —  Speiifit  Grainties  of  OJtromium  Steel  ai%d  Ferro-Cfiromium, 
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;  was  a  doubtful  one. 
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It  wiU  be  noticed  that  "A"  to 
''  £  "  contain  about  the  same 
percentages  of  carbon,  but  of 
different  qualities. 

**  A  "  to  "  E,"  when  quenched  in 

Wi]it+:!r  or  ml,  were,  owing  to 
thtjir  hArdrteiUt  cruslit'd  by  the 
clfiinpa  of  the  teiting-tuachme, 
cijiisequently  no  reliable  len- 
Hil*^  ttfift  could  be  obtained. 
"F,"  being  of  much  milder 
temper,  was  not  injured  by 
this  treatment. 


Quite  soft  in  water  and  oil 

Breaks  rotten;  will  harden 
neither  in  water  nor  oil. 

Hardens  well  in  water  and  oiL 

Just  hardens  in  water;  feels 
rotten  and  not  hardened  in 
oil 
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FerrO'Chromium  90  per  cent —  - 

At  1485*  this  alloy  does  not  run,  or  even  soften. 

Sample  A,  sold  to  Mr.  Hadfield  as  pure  chromium,  melts  rapidly 
when  introduced  into  the  furnace  at  1465\  This  metal  is  very 
far  from  being  pure  chromium,  as  the  subsequent  analyaia  has 
shown.  The  sample  is  very  small,  very  porous,  and  the  experi- 
ment was  of  little  value. 

The  liquation  of  ferro-chromium  at  66  per  cent,  is  an  interesting 
fact — a  similar  effect  having  been  observed  in  the  case  of  phosphoric 
pig  iron,  and  even,  but  not  so  distioctly,  in  the  case  of  pure  grey 
pig,  and  reminds  us,  to  some  extent,  of  the  experiments  made  by 
Professor  Eoberts- Austen  *  on  alloys  of  gold  and  aluminium.  In 
this  case,  the  refractory  compound  dissolves  in  the  more  fusible 
compound,  so  that  it  may  be  said  that  there  is  no  longer  any 
definite  point  of  fusion,  but  the  metal  passes  through  a  pasty 
condition  more  or  less  prolonged  between  the  liquid  and  the  solid 
condition. 

•  Froo€^in0i  of  the  Eopal  Soekti/,  wot  xlix.  p.  347. 
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DISCUSSION. 

The  I'RESIDENT  said  that  Mr.  Hadfield  had  left  M.  Osmond's 
report,  which  was  appended  to  his  paper,  to  be  dealt  with  by 
Professor  fioberts-Ansten.  He  therefore  invited  that  gentleman 
to  speak  before  the  discussion  commenced.  Professor  EobertB- 
Austen  and  M.  Osmond  had,  he  understood,  been  making  experi- 
ments in  a  parallel  direction  with  several  of  those  alloys,  and  it 
would  be  interesting  to  have  those  results  before  them. 

Professor  Eoberts- Austen  said  that  it  was  quite  unnecessaiy 
that  he  should  bear  testimony  to  the  admirable  character  of  the 
work,  which  was  a  continuation  of  that  which  Mr.  Hadfield  had 
conducted  for  so  many  years,  or  refer  to  its  extreme  scientific 
importance,  quite  apart  from  the  very  great  industrial  interest 
which  it  possessed.  He  ventured  to  claim  many  of  the  results 
which  Mr.  Hadfield  had  obtained  as  confirmation  of  the  views 
which  had  been  put  forward  at  such  considerable  length  by  M. 
Osmond,  and  which  had  been  sustained  by  himself.  Many  of 
them  thought  that  iron  was  capable  of  existing  in  at  least  two 
distinct  forms,  the  a  and  the  yS  forms ;  and  if  they  were  right  in 
that  respect,  it  explained  many  of  the  anomalies  which  were  met 
with  in  the  thermal  treatment  of  iron. 

Without  going  into  the  matter  at  great  length,  the  members 
of  the  Institute  would  remember  that,  as  a  mass  of  carburised 
iron  or  steel  cooled  down,  there  were  at  least  two  distinct  evolu- 
tions of  heat  which  marked  its  cooling.  The  one  occurred  at 
a  temperature  of  about  850°  C,  and  it  was  thought  by  M. 
Osmond  that  this  evolution  of  heat  was  due  to  a  molecular 
change  in  the  iron  itself.  The  second  main  evolution  of  heat 
occurred  at  a  temperature  that  was  variable,  but  near  650*,  and 
was  due  to  a  change  in  the  relation  between  the  carbon  and  the 
iron.  The  presence  of  carbon,  in  fact,  appeared  to  enable  the 
hard  variety  of  iron  which  existed  at  a  high  temperature  to 
be  maintained,  if  the  carburised  iron  were  rapidly  cooled  and 
quenched  in  water  or  mercury — in  fact,  hardened. 

Now,  what  did  they  find  when  they  came  to   examine  the 
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ilarljr  interesting  series  of  alloys  which  Mr,  Hadfield  had^ 
placed  at  their  disposal  ?  They  found  one  of  the  most  remark* 
able  facts  that  he  thought  had  been  brouglit  before  them  for 
Doaiiy  years.  If  the  initial  temperature  of  the  cooling  of  those 
remarkable  alloys  was  high,  there  was  no  true  recalescence  at 
all.  If  the  initial  temperature  of  the  alloy  was  as  high  as 
1300*",  it  was  found  on  cooling  that  there  was  an  absolute  con- 
tinnofis  canre  (as  shown  in  the  diagram  Professor  Roberts-Austen 
drew  on  the  black-board) ;  but  if  the  initial  temperature  of 
cooling  were  comparatively  low,  say  900°,  there  was  distinct 
T^calescanoe-^^  distinct  evolution  of  heat  at  the  point  at  which 
thm  earlxm  chani^e  took  place. 

If.   Osmond  had  stated  that  in  his  report,  and  he  (ProfesBor' 

Eoberts* Austen)^   working  quite  independently  (for  he  had  not 

WBn  the  report  until  it  was  placed  in  his  hand  just  before  the 

meeting),   absolutely  confirmed    his   observation.       M.    Osmond 

worked  with  the  chromograph,  and  he  (Professor  Roberts- Austen) 

the  recording  instrument,  similar  to  the  one  described  on 

previous  day,  but  a  more  elaborate  one,  and  he  quite  con- 

Snned  M.  Osmond's  results*     He  now  placed  in  the  hands  of 

ihi  President  a  low  temperature  curve  with  distinct  evolution  of 

btti,  and  a  high  temperature  curve  with  none  at  all.      'VVTiat  was 

tfce  probable  ex]ilanation  ?       It  might  be  that  at  the  high  tem- 

pntare  of  1300°  the  iron  existed  entirely  in  the  hard  /3  form, 

that  slow  cooling  in   the  presence  of    chromium   did  not 

lUe  the  hard  variety  of  iron  to  change  into  the  soft  variety, 

was  the  remarkable  fact  that  slowly-cooled  alloys,  especi- 

J"*  and  "  L/'  were  hard  when  the  mass  was  slowly  cooled. 

Ibl  would  seem  to  prove  that  the  hard  modification  of   iron 

m  maintained  when  slowly  cooled — ^not  rapidly,  as  in  ordinary 

lMfaun£»  &nd>  consequently  that  iron  was  maintained   in   the 

Ittd  modification  right  to  the  end. 

H«  tliought^  however,  that  it  was  more  likely  that  a  triple  com- 
poiitid  of  iron,  chromium,  and  carbon  present  was  formed,  that 
4e  chromium  was  removed  from  the  sphere  of  its  ordinary  action, 
«ih1  that  they  really  had  a  chromium-carbon  compound,  behaving 
^  mocii  aa  carbon  would  alone.  The  formation  and  the 
itfanquent  action  of  this  triple  compound  would  depend^  in 
peifc  meatore,  on  the  initial  temperature  to  which  the  mass  of 
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metal  containing  it  was  raised.     Of  course  the  explanation 
more  or  less  iucomplete,  because  they  had  only  just  begun 
examine  that  most  interesting  product ;  but  he  wished  it  to 
remembered  that  whereas  all  the  varieties  of  carbon  steel  wi 
which  they  were  acquainted  showed  recalescence — a  remarkable 
evolution  of  heat — chromium-steel  showed  none  at  all,  if  the 
initial  temperature  of  cooling  were  high.     He  desired  to  renew 
his  thanks  to  Mr.  Hadfield,  and  to  express  the  hope  that  he  would 
long  continue  his  admirable  series  of  researches. 


n 


The  President  said  they  would  listen  with  interest  to  any 
observations  that  members  might  have  to  make  upon  the  inter- 
esting results  obtained  by  Mr.  Hadtieldj  and  also  those  by  Professor 
Boberts-Austen  and  M.  Osmond.  He  must  confess  that  while 
admiring  the  ingenuity  of  Professor  Roberta-Austen's 
tion  with  regard  to  the  remarkable  behaviour  of  chromium 
when  cooled  down  from  a  very  high  temperature,  and  while  be 
himself  could  not  at  the  moment  suggest  any  other,  it  was 
scarcely  ^satisfactory  or  conclusive  to  his  mind. 

Professor  Roberts- A  csten  said  that  he  had  only  offered  the 
explanation  in  a  tentative  way,  after  conducting  a  series  of 
experiments  which  were  necessarily  few,  as  the  time  at 
disposal  between  receiving  the  paper  and  its  being  read  at 
meeting  was  very  limited, 

Mr,  T.  E.  ViCKEBS  said  that  he  thought  the  members  ought 
be  much  indebted  to  Mr,  Hadtield  for  this  continuation  of  his  papew" 
on  chromium-steel.  The  experiments  which  he  (Mr.  Vickers) 
had  made  in  chrome  very  much  confirmed  those  of  Mr.  Had6eld 
The  great  difticulty  in  making  trials  with  chrome-steel  was 
difficulty  of  getting  chromiwm  without  carbon.  It  was  difficult  lo 
know  whether  the  hardening  results  obtained  were  due  to  carbon 
or  to  chromium,  and  it  would  therefore  be  desirable  if  a  purer 
chromium  could  be  obtained.  At  present,  however,  he  did  not 
see  any  great  chance  of  obtainiwg  it.  The  manufacture 
chromium- steel  in  large  masses  in  the  open-hearth  furnace 
very  great,  owing  to  the  great  liability  of  chromium  to  oxidi 
It  was  exceedingly  diflScult  to  get  any  quantity  of  chromium  to' 
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oe^  unless  there  was  a  large  quantity  of  carbon  present. 
e  moment  the  carbon  was  eliminated  from  the  charge,  the 
hromitim  seemed  to  vanish  also.  So  far  the  experiments  which 
had  made  in  the  open-hearth  furnace  had  not  been  satis- 
,  except  with  small  percentages  of  chromium ;  but  with 
ble  steel  it  had  long  been  found  that  it  was  a  very  great 
nta^e  in  obtaining  a  very  hard  and  durable  steel  for  tools. 
;e  did  not  agree  with  what  Mr.  Hadfield  had  said  with 
to  the  use  of  steel  in  the  hardened  and  in  the 
lened  state.  Mr.  Hadfield  thought  that  steel  for  guns 
machinery  should  be  made  hard  by  carbon,  and  that  it 
:d  be  used  in  the  natural,  and  not  in  the  hardened  state. 
Mr.  Vickers)  had  always  contended,  and  should  continue  to 
do  m  until  he  had  good  proof  to  the  contrary,  that  steel  was  both 
tougher  and  harder  in  the  hardened  state.  In  gun-work,  for 
tstmplei  he  believed  that  the  material  should  l»e  hardened 
either  in  oil  or  in  water,  and  then  tempered.     Years  ago,  he 

r  need  experiments  in  oil-hardening,  and  ohtained  exceed- ^ 

,  satisfactory  results.  In  their  own  works,  it  was  found' 
ia  the  case  of  the  piston-rods  of  steam-hammers  that  in  ham- 
laeriag  steel  the  strain  on  these  rods  was  so  great  that  no 
aahArdeufd  steel  rods  would  last  over  a  comparatively  sliort 
period.  For  the  last  twelve  or  fifteen  years,  they  had  always 
wri  Uieir  piston-roda  in  the  hardened  state,  and  they  had  always 
toand  the  re^^ult  very  satisfactory.  He  mentioned  this  as  one  of  i 
awny  instances  of  hardening  that  would  be  of  interest  to  the 
Ambers. 

He  thought  Mr.  Hadfield  might  be  wrong  in  attributing  cases 
^i  hardness  io  some  of  his  experiments  to  hammer-hardening.  | 
It  Was  well  known  that  ordinary  steel  did  become  hammer-hard- 
*Qed,  but  It  was  not  always  the  same  with  alloys.  He  found 
oany  which  were  softer  when  hammered  at  a  low  heat  than  they 
*^  when  annealed  after  hammering.  He  gave  the  results  of 
oiw  lerica  of  trials  of  a  hammered  bar  of  steel  alloy  under 
^ous  kinds  of  treatment: — 


1*  Io  hiBimerdd  >Ute 

t  AitniE^ed  ....,., 
t  ll«rclrti«?t|  in  oil  $X  1500'  and  relmKtvd  tn  900" 
t  .,  .,  ,,  1200" 

».         .»  .-  „  1500" 


76  totifl  per  square  inch. 
82    „ 

80     „ 
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He  drew  attention  to  the  fact  that  the  aQnealed  condition  wb£ 
harder  than    the    orij^Mnal,  and    that    the    softest  was  tlie   one 
reheated  to  120o\  after  being  hardened  at  1500°.     Theee 
being  rather  extraordinary,  he  repeated  them«  and  obtained 
same  result.      Perhaps  Pmfeaaor  Koberte-Austen   could  ejcplai^ 
of  the  results* 


Professor  Roberts-Austen  asked  how  much  chromium  there 
was  in  the  alloy  ? 

Mr.  ViCKERS  said  that  he  had  forgotten  the  exact  amount, 
he  believed  that  it  was  something  over  1  per  cent. 

Professor  Roberts- Austen  asked  what 'was  the  quantity  i 
carbon  ? 

Mr.  ViCKEits  said  it  was  very  difficult  to  get  at  the  amount  of_ 
carbon.     With  alloys  the  deteruiiuatiun  of  the  quantity  of  carbo 
was  exceed  iiigly  difficult.     No  carbon  was  added  to  the  alloy 
and  it  therefore  coutaiued  only  what  was  in   the  materials  of_ 
whicli  it  was  composed. 

Mr.   Galbbaith   asked  Professor   Eoberts-Austeo   if  he 
attempted  to  show  the  recalescence  to  which  he  had  referred 
tlie  case  of  steel  when  hardened,  i.e.,  in  the  act  of  being  hardened] 
He  would  explain  wLat   he  meant.     If  a  piece  of   steel  we 
quenched  at  a  hi^h  temperature,  it  would  be  found  that  the  speciQ 
gravity  fell  very  considerably,  compared  with  what  it  would 
if  it  was  cooled  slowly.     That  was  a  point  that  would  have 
considerable  influence  in  explaining  the  hardness  of  steel  if 
recalescence   disappeared   or  could   be   shown.     Of   course, 
rapidity  of  the  thing  might  be  in  the  way ;  but,  no  doubt,  th 
matter  had  attracted  Professor  Roberts- Austen's  attention. 


\ 


The  President  said  he  thought  the  members  would  be  int^ 
rested  in  hearing  what  Dr.  Anderson  had  to  say  on  the  subje 
of  elastic  limit,  which  was  dealt  with  by  Mr,  Hadfieid  in  th 
course  of  his  paper. 
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Dr.  Anderson,  F,RS-,  said  that  unfortunately  he  had  had  no 
opportunity  of  studying  the  paper  beforehand,  and  tlje  subject  was 
a  rather  tough  one  to  deal  with  without  some  little  preparation. 
The  question  of  chroniium  steel  had  given  them  some  little 
trouble  at  the  Royal  Arsenal  As  Mr,  Had  field  had  stated  that 
there  was  some  difficulty  in  mixing  the  chromium  with  the  mass 
of  flteel,  even  on  the  small  scale  on  which  he  appeared  to  have 
operated,  he  should  like  to  ask  him  whether  he  thoii^^ht  that  on 
a  large  scale — In  the  open-hearth,  for  instance,  where  castings  of 
many  tons  weight  were  made — the  difficulty  would  not  be  greatly 
accentuated,  and  whether  the  steel  produced  would  have  different 
quantities  of  chromium  in  different  portions  ?  He  did  not  mean 
by  way  of  liquation  in  cooling;  but  in  cases  where  a  small 
quantity  of  chromium  was  added  to  a  large  mass,  was  there  any 
certainty  that  it  would  diffuse  itself  uniformly  through  tlie  mass, 
and  so  produce  a  uuiform  material  ? 

In  the  Arsenal  there  liad  been  recently  a  case  of  failure 
of   a   very   large   forging — a   gim-hoop  of   chromium  steel — the 

■  chromium,  he  believed,  having  got  in  accidentally.  The  walls 
of  the  hoop  were  about  0  inches  thick,  and  it  cracked  spon- 
taneously interiially.  The  mass  had  been  oil-hardened  in  the 
usual  way,  and  about  an  hour  after  ha\iug  been  taken  cold  out 
of  the  oil,  a  loud  report  was  lieard.  When,  after  several  months 
delay,  the   hoop  was  put   into   the  lathe,  a  second  report  was 

■  heard.  Ultimately'the  hoop  was  cut  in  two,  and  broken  under 
the  steam-hammer,  and  then  there  appeared  an  enormous  crack 
about  4  feet  long  and  4  inches  wide,  which  had  developed  inside 
the  walls  of  the  hoop.  Of  course,  the  treatment  of  steel  in 
small  masses,  and  its  treatment  in  very  large  ones,  were  two 
totally  different  things.  They  did  not  know  what  took  place 
within  the  mass,  nor  the  extent  of  the  severe  internal  stresses — 
ao  severe  as  to  produce  the  effect  which  he  had  just  mentioned. 

It  was  only  on  the  previous  day  that  Professor  Eoberts-Austen 
had  shown  him  some  recent  experiments  which  demonstrated 
that  steel  cooling  under  compression  appeared   to  behave  in  a 

(different  manner  from  what  it  did  when  it  was  cooled  in  its 
ordinary  free  state.  In  fact,  the  point  of  recalescence  seemed 
to  disappear,  so  that  in  addition  to  the  stresses  set  up  by  the 
cooling  of  large  masses,  there  was  a  total  change  in  the  structure 
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of  the  steel,  which  was  a  conaequence  of  it,  and  the  efifect 

which  it  was  impossible,  at  present,  to  ^auge,  but  which  mail 
festly  still  further  complicated  the  problem  of  the  employme 
of  steel  in  large  masses.     Mr,  Hadfield  advocated  the  using  of 
steel    of   naturally   high  quality,   high   elastic  limit,  and  liig 
ultimate  strength,  instead  of  depending  upon  the  qualities  coo 
municated  by  hardening — a  proposition  with  which  Mr.  Vick 
appeared  to  disac^'ee.     He  thought  that  no  general  rule  coa 
be  laid  down.     When  using  wire,  for  instance,  which  was  no 
so  largely  employed  in  the   manufacture  of  guns,  they  migjj 
have  a  steel  of  naturally  high  quality,  and  use  it  with  safeC 
because  of  the  smallness  of  the  individual  mass,  and  Uie 
tainty  that  every  partiou  was  of  the  required  strength,  and 
the  most  advantageous  state  of  tension.     As  far  as  he  could 
it  was  impossible  to  burst  a  gun  reinforced  by  means  of  wi] 
The  steel  being  of  a  naturally  high  quality,  perhaps  three  UD 
the  strength  of  ordinary  steel  in  large  masses,  although  hardene 
was,  for  the  reasons  he  had  just  given,  perfectly  safe,  even  uiid( 
the  sudden  stresses  caused  by  the  discharge  of  cannon,     Th€! 
had  tried  firing  a  tube  split  longitudinally,  and  merely  he 
together  by  moulding  with  wire,  and,  so  far,  repeated  firing  ha 
only  resulted  in  a  burst  of  gas  through  a  portion  of  the  win 
He  was  going  to  carry  the  experiment  still  further,  to  see  to  wh 
degree  of  tenuity  the  wire- winding  might  be  canied  so  as 
produce  a  burst.     The  same  sort  of  steel,  used  in  large 
would,  he    was  convinced,  be    exceedingly   dangerous,  becau 
they  were  entirely  ignorant  of  the  condition  of  the  inside  of 
mass  of  steel.     It  was  certain  that  even  steel  of  low  carbon,  i 
moderate  tensile  strength,  and  of  great  ultimate  extension,  woa 
when  burst  by  explosives,  fly  into  little  bits,  and   break  ido 
like  glass   than  like   what  might   be  expected   from  the  tou 
material  indicated  by  the  test-pieces.     A  gun  might  pass  pr 
and   be  apparently  perfect,  and  yet   be  in  a  highly  danger 
state  i  and  they  might  have  what  had  happened  over  and  ov 
again — guns  that  had  been  many  years  in  the  service  ultimafc 
bursting   under  a  reduced  charge.      Those    cases  were,  in 
opinion,  only  to  be  explained  by  the  theory  that  the  steel 
always  been  in  a  state  verging  on  destruction — that  firing  had 
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oally  extended  the   internal  mischief   till   the   gun    failed 
mately  with  a  moderate  charge. 

question,  therefore,  as  to  the  quality  of  steel  which  should 
depended  very  greatly  upon  the  masses  iu  which  it  was 
uired  and  the  subsequent  treatment  to  which  it  was  to  be 
:po6ed.  If  the  steel,  after  casting,  was  always  kept  in  a  con- 
D  in  which  it  was  not  exposed  to  such  severe  iuterual 
they  might  be  quite  safe  in  using  it ;  hut  if  they  went 
gh  the  critical  operation  of  hardening,  mischief  might  be 
hich  no  amount  of  annealing  could  afterwards  repam  If 
fracnire  existed,  it  was  impossible  to  do  away  with  it,  and  even 
existence  was,  from  the  nature  of  the  case,  undiscoverable. 
s|)ecimen  taken  after  treatment  might  show  that  the  steel  had 
much  benefited ;  yet,  as  they  could  not  see  what  was  inside 
steel,  they  might  have  done  tremendous  mischief  and  be 
y  ignorant  of  it,  thinking  all  the  time  that  the  treatment 
W  greatly  improved  the  mechanical  qualities  of  the  materiah 
That  WIS  one  of  the  reasons  why,  in  building  the  great  guns  now 
n^ntred,  it  was  much  better  to  rely  for  radial  strength  on  wire, 
ttm  on  steel,  however  excellent,  in  large  masses* 

Mr.  F.  W,  Webu  (London  and  North- Westeni  Kail  way),  at 

tfc«  request  of  the  President,  said  he  would  state  the  result  of  his 

experience  in  the  use  of  chrome  steel,  which  he  had  been  using 

for  majiy  years.    He  Imd  found  tliat  the  springs  made  of  chrome 

itoll  were  superior  to  those  made  of  ordinary  spring  steel     He 

W  gradually  removing  all  the  springs  used  on  locomotives  and 

^^^''^''^  on  the  North-Westeru  Eailway,  and  replacing  them  by 

I  of  chrome  steel ;  they  were  also  using  the  same  quality 

I  ittt  tije   waggon   depaitment.     He   had  used  chrome  steel   for 

UBlSv  and  he  had  found  that  he  could  get  a  mucli  better  wearing 

^01  with  chrome  steel  than  without  it.      He  had  also  used  the 

me  material  for  tool-steel,  and  he  had  found  that  with  only 

0"$5  of  carbon  he  had  a  steel  that  would  stand  twice  as  long  as 

my  other  that  he  could  use ;  so  much  so,  that  he  had  now  tools 

which  had  been  in  the  lathe  two  days  turning  steel  axles  without 

mj  Inbricalion,  and  without  taking  them  out  of  the  rest  to  grind 

He  had  tried  a  good  many  other  experiments,  but  he  was 


140 


ALLOYS  OF  IRON  AlO)  CHROMirM. 


not  able  at  present  to  give  the  restilta ;   he  should  be  happ 
however,  to  do  8o  at  some  future  time. 

Mr.  W.  F.  BSARDSHAW  said  that  for  some  years  lie  had  been 
engaged  in  the  manufacture  of  an  alloy  of  chromium  mtli 
carl>oii  steel,  and  he  could  confirm  what  Mr.  Webb  had  stated  s 
to  tiie  results  obtained, 

Mr.  E.  H.  Saniter  asked  Mr.  Hadfield  whether,  during  his  in- 
vestigations of  the  effect  of  chromium  on  iron,  he  had  noticed 
whether  cliromium  had  the  same  desulphurising  effect  on  iron  at 
manganese  had. 

The  President  said  that  M.  Osmond  had  stated  in  his  report 
that  he  had  arrived  at  the  conclusion  that  chromium  existed 
in  at  least  three  different  forms :  in  the  state  of  dissolved 
chromium ;  in  the  state  of  a  compound  of  iron  chromium  and 
carbon,  in  the  foi-m  of  isolated  i^lobules ;  and  also  in  similar 
combinations  in  the  form  of  a  solidified  solution.  In  view  of 
what  had  been  stated,  and  confirmed  by  Dr.  Anderson,  with 
regard  to  the  difficult  fusibility  of  the  ferro-chromium  alloy*, 
and  the  great  difficulty  in  uniformly  diffusing  it  through  a  mass 
of  metal,  he  should  like  to  ask  whether  it  might  not  be  possible 
that  at  any  rate  the  second  form  to  which  M.  Osmond  referred 
mi^^ht  be  the  original  ferro-chrome  disseminated  in  a  fine  sta«i 
of  division  through  the  mass  of  the  particular  specimen  examined  I 
Perhaps,  also,  the  author,  when  answering  the  question,  wom 
state  what  was  the  proportion  of  chromium  in  the  projcctil 
which  resisted  fracture  on  impact  in  such  a  remarkable 
when  fired  against  9-inch  plates. 

Professor  KOBEUTS-AuSTElf  said,  in  reply  to  Mr.  Gait 
that  he  thought  the  experiment  he  had  suggested  would  be 
difficult.  A  skilful  physicist,  by  placing  steel  in  a  calorin 
mighty  he  thought^  obtain  the  evidence  required,  Moissan  hid, 
by  distilling  amalgams  of  chromium,  obtained  an  allotropic^  or 
at  least  an  "  active ''  form  of  it.  He  hoped  that  a  few  mort 
experiments  would  enable  him  (Professor  Roberts-Austen)  to 
brii?*"  "     ^'ard  a  theory  that  would  satisfy  the  President,  who, 
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hoped,  would  not  demur  to  the  view  that  the  material  was  a 
f&Tf  Mttsitive  one  to  tnolecular  change,  and  that  the  nature  of 
change  depended  greatly  upon  the  temperature  to  which  the 
i  waa  raised.  The  relations  of  the  chromium  and  the  carbon 
ignite  apart  from  the  iron  in  the  mass)  were  not  the  same  if 
be  initial  temperature  of  the  mass  was  high  as  they  were  if  the 
temperature  of  the  cooling  mass  was  low. 

Mr.  R  A*  Hadfield,  in  reply,  said  that  Mr,  Vickers  had  asked 
vheUier  chromium  could  be  alloyed  with  steel  in  large  masses, 
be  thonght  that  there  must  be  a  certain  amount  of  oxidation. 
)  (Mt.  Hadfield)  could  not  agree  with  him  on  that  point.  Of 
the  addition  would  require  to  be  carefully  made,  and  it 
who  be  added  in  a  molten  form,  so  as  to  get  a  thorough 
llodzture;  but  otherwise  he  tiiought  that  it  would  be  quite 
ible  to  make  chromium  steel  in  any  sized  ingots  required,  and 
a  tinifoTm  composition,  iu  the  same  way  as  with  ordinary 
steel.  With  reference  to  the  use  of  harder  steel  with 
lensility^  Mr.  Vickers  had  stated  that  he  preferred  softer 
and  to  oil-harden  it.  It  appeared  to  him  that  it  could  not 
much  difference  with  regard  to  the  actual  final  result.  If 
took  milder  steel,  with  a  tensility  of  say  28  tons,  and  a 
fSBuent  set-point  of  15  or  16  tons,  and  if  they  oil-hardened 
]|»ttid  faised  the  tensility  to  38  or  40  tons,  and  iocreased  the 
ywaaynt  set^point  to  18  or  20  tons,  he  could  not  see  that  there 
iMd  be  much  difference  iu  the  actual  result  from  that  of  taking 
brt  flteel  of  the  same  tensility  and  permanent  set-point  to  com- 
■aoe  with.  It  appeared  that  in  whatever  way  they  oil-tempered 
«r  toughened  steel  of  any  temper  but  that  known  as  mild,  if  they 
*wk  tt  in  a  heated  condition,  and  dipped  it  into  a  cold  medium,  they 
ADBt  to  some  extent  set  up  a  strain.  For  that  reason  he  would 
ttU  special  attention  to  the  remarks  of  Mr.  Kreuzpointoer,  who  had 
ifcif  summed  up  this  question.  He  said  it  was  much  better  to 
trie  a  material  free  from  strain  with  natural  hardness,  and  not 
Jadfioed  hardneas.  Mr.  Vickers  had  referred  to  his  (Mr.  Had  field's) 
on  liamm(tr-hardening.  Of  course  he  had  only  made  the 
as  applying  specially  to  the  particular  alloy  under  con- 
lUefadoo— chromium  steeL  Chromium  had,  without  doubt,  a 
influence  upon  the  carbon  present,  and  he  thought 


that  if  Mr.  Vickers  took  similar  samples,  and  If  he  worked  thsm 
at  a  comparatively  low  heat,  he  would  always  retain  the  hammer- 
hardeniug.     In  other  words,  they  obtained  a  similar  effect  to  that 
of  plunging  it  into  a  cooling  medium.     What  he  had  said  with 
regard  to  producing  steel  on  a  large  scale,  in  reply  to  Mr*  Victers, 
would  also  apply  to  Dr.  Anderson's  observations.      He  could  not 
see  the  difficulty  of  getting  a  thoroughly  uniform  alloy  on  a  large 
scale.     Those  who  were  at  Paris  on   the  occasion  of  the  last 
Exhibition  would  have  noticed  Messrs.  Holtzers  exhibit  of  large 
chrominna  steel  ingots,  about  18  inches  square.     In  the  conver- 
sation which  he  had  with  Mr.  Brustlein,the  metallurgical  expert  of 
this  firm,  he  had  never  heard  that  he  had  had  any  difficulty  in 
producing  chromium  steel  of  a  uniform  composition.     Besides  that, 
in  England  they  had  had  large  projectiles  made  for  the  13'5-inch, 
and  also  for  the   16-inch  guns.     Large  ingots  were  required  to 
produce  such  projectiles,  and  he  was  not  aware  that  there  had 
been  any  want  of  uniformity  in  the  material.      It  was  simply  a 
question  of  manipulation.     The  special  point  to  be  borne  in  mind 
was  to  make  the  additions  in  a  fluid  state,  so  as  to  get  a  thoroogh 
mixture.     He  thought  there  would  be  no  difficulty  in  that  cam 
in  obtaining  large  masses  of  chromium  steel  of  a  uniform  com* 
position.     He  was  pleased  to  hear  the  remarks  of  Mr,  Webb, 
which  only  confirmed  what  he  had  himself  in  view  in  writing 
the  paper.     If  in  this  country  they  wished  to  keep  to  the  front, 
they  would  have  to  pay  special  attention  to  the  alloys  of  steel 
On  the  Continent  far  rnorc^  attention  was  being  given  to  the  sub- 
ject|  and  if  Englishmen  could  not  see  their  way  to  devote  more 
time  to  that  class  of  work,  he  was  afraid  that  they  would  suffer 
to  some  extent     He  knew  for  an  absolute  fact  that  large  qnan^ 
tities  of  alloyed  steel  were  being  made  abroad,  and  one  of  his 
objects  in  writing  the  paper  was  to  call  attention  to  that  subject. 
He   knew   that   French   makers   especially  were   doing   a  laig^ 
amount  of  work  in  special  alloy  steel  for  tyres  and  other  purposes- 
He  was  therefore  glad  to  hear  Mr.  Webb  speak  so  favourably 
of   his  own  experience   of   chromium  steel.      Mr.    Saniter  had 
asked  whether  chromium  would  desulphurise  ?      That  was  cer- 
tainly not  the  case.      He  had   had   feno-chromium  containing 
10  or  12  per  cent,  of  chromium,  and  as  much  as  0*3  per  cent 
of   sulphur,   which    proved    that    chromium    did   not   act  as  ji 
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rising  agent     With  reference  to  the  President's  question 

to  chromium  existing  in  three  forms,  he  was  sorry  that  he 

not   in  a  position   to   answer   it  more  clearly.     Professor 

Bobeita-Austen  had  paid  so  much  attention  to  that  special  point  j 

-^^the  existence  of  metals  in  more  than  one  forra^that  he  would } 

lemre  him  to  reply  upon  tljat  subject.     As  far  as  he  could  see, 

lie  did  not  thiuk  that  it  did  exist  in  more  than  one  form.     He  I 

thoQght  that,  as  in  the  case  of  tungsten,  silicon,  and  aluminium 

steel,  there  was  only  one  form.     With  regard  to  carbon,  tlie  case 

W13,  of  course,  very  difterent.     He  did  not  think  that  chromium 

meted  per  se,  but  he  thought  that  it  had  some  indirect  intlueuce 

in  causing  a  more  intimate  combination  of  iron  and  carbon,  and 

for  that  reason  there  was  a  stronger  action  when  they  wanted 

to  produce  a   hardened   steel      As  to   whether   chromium  was 

disieminated  throughout  the  mass  in  a  sort  of  independent  and 

not  combined  form,  he  was  inclined  to  tldnk  with  Sir  Frederick 

Abel  that  that  was  possibly  the  case,  and  it  rather  agreed  with 

the  observation  he  had  just  made,  namely,  that  the  combination 

ot  carbon  and  iron  was  perhaps  only  indirectly  eflected  by  the 

ciiiotniam.     He  was  very  much  obliged  for  the  kind  attention 

they  had  given  to  the  paper,  and  he  hoped  they  might  have  more 

&cii8sion  in  a  written  form,  as  the  true  object  of  the  paper  was 

tfi  caU  forth  discussion  on  the  matter. 

The  President  said  they  were  very  grateful  to  Mr.  Hadfield 

fcf  having  brought  so  valuable  a  paper  before  the  Institute,  for 

llw  trouble  he  had  taken  in  its  elaboration,  and  for  the  time  he 

kd  devoted  to  tbe  careful  examination  of  tlie  behaviour  of  tije 

*lloj-5  of  iron   with   chromium.       It  was  very  important  that 

fiiptble  men,  who  had  large  resources  as  manufacturers  at  their 

tfiipQeal,  should  carry  out   researches   under  conditions  closely 

■pproxiaiating   to    those  which    actually  occurred    in    practiccj 

»iidi  chemists  found   it   very  difficult   to  accomplish   in   the 

hbomtory.     It  was  but  too  frequent  that  chemists'  results  were, 

lad  natiurally,  mistrusted  by  manufacturers,  because  they  con- 

•idered   that  a   laboratory    experitnent   was   one   thing,  and  an 

ccpeiimeut  in  a  works  another.       Mn  Hadfield  happily  com- 

bnied  within  himself  the  resources  and  knowledge  of  a  scientific 

and  expert  investigator  with  those  of  a  manufacturer. 
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and  he  thought  they  ougbt^  I'lgbtly  and  justly^  to  expect  great 
things  from  men  like  Mr.  Hatifield.  He  was  accompiiahing 
very  promising  work,  and  siiould  be  encouniged  as  much  tl 
passible  to  pursue  the  coarse  of  work  which  he  bad  followed 

[  with  so  much  success  witliin  the  last  few  years.      On  belialf  of 

the  Institute^  he  thanked  Mn  Hadlield  most  cordially  for 

i  paper. 


COnitESPONDENCE. 


Professor  LEDEBua,  of  the  Freibei^  School  of  Mines,  seoda  the 
following  communication  : — 

It  is,  iu  my  opinion,  a  rule  of  general  appUcatiim,.  that 
alloying  a  metal  with  another  element,  its  hardness,  its  limit  \ 
elasticity,  and  its  tensile  strength  may  be   raised   to   a  cer 
extent*     The  toughness  is,  however,  invariably  diminished, 
the  addition  of  the  weaker,  but  softer,  tin  to  copper,  ita  tenacilj 
and  hardness  are  very  considerably  increased ;  but  the  alley 
much  more  brittle  than  pure  copper,     llumbiferous  tin  ia  hardi 
and  has  a  greater  tensile  strength  than  pure  tin,  as  long  as  the 
percentage  of  lead  does  not  exceed  a  certain  limit      Alloys 
gold  and  silver,  either  alone  or  with  copper,  are  distinctly  hard^ 
and  stronger,  but   less  tough  than   the  pure   metals.     Of 
behaviour  of  the  metals,  as  is  well  known,  frequent  use  is  ma 
if  it  is  required  to  obtain  for  one  purpose  or  another  a  mat 
characterised  either  by  its  hardness  or  its  tenacity  when  subjec 
to  a  dead  load.    The  unavoidable  increase  in  brittleness  by  alloj 
ing  always,  however,  imposes  a  limit  when  the  finished  object : 
required  to  be  subjected  to  vibration.      For  this  reason,  I 
unwilling  to  accept  Mr.  Hadfield*s  view  that  the  special  questio 
of  steel  alloys  or  combinations  will  be  the  means  of  eventu 
enabling  our  civil  and  mechanical  engineers  to  design  and 
out  works  of  a  magnitude  which   at  present  are  not   possibit 
The  more  we  increase  the  tenacity  of  iron  by  alloying  it, 
more  its  brittleness  increases*      Works  of  magnitude,  howev 
necessitate   the  use   of  a  material  with  as  little  brittleness 
possible* 
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The  extent  of  the  influence  exercised  by  various  elements  on 
one  and  the  same  metal  may  be  somewhat  variablej  and  it  cannot 
be  denied  that  one  element  is  remarkable  for  increasing  the  hard- 
ness and  tenacity,  whilst  another  is  remarkable  for  increasing  the 
brittleness.  We  know  that  even  small  amounts  of  carbon  are 
sofiBcient  to  exert  marked  inflaences  on  the  properties  of  iron* 
We  know,  however,  that  such  influences  are  dependent  on  the 
state  in  which  tlie  carbon  exists,  nnd  that  phosphorus,  while  as 
a  rnle  slightly  increasing  the  tenacity,  very  greatly  increases  the 
brittleness,  Mr.  Hadli eld's  former  investigations  have  shown  us 
that  this  law  is  applicable  to  alloys  of  iron  with  silicon,  man- 
ganese»  and  aluminium,  althouj^di  the  action  of  these  elements  is 
much  weaker  than  that  of  carbon.  The  experiments  now  de- 
scribed show  that  tlie  same  conditions  obtain  in  the  case  of 
chromium.  Chromium  steel  (E),  with  0'84  per  cent,  of  chromium 
and  012  per  cent,  of  carbon,  possesses  a  higher  limit  of  elasticity, 
greater  tensile  strength,  and  greater  hardness,  than  does  chromium 
steel  (B)  with  0*29  per  cent,  of  chromium  and  0*16  per  cant,  of 
carbon ;  but  its  elongation  and  its  reduction  of  area,  as  deter- 
mined in  the  tensile  tests,  and  its  resistance  to  bending  after 
having  been  quenched  in  water,  are  lessj  it  is,  in  fact,  more 
brittle.  The  extent  of  this  influence  exerted  by  chromium  is 
considerably  less  in  an  iron  poor  in  carbon  than  has  hitherto 
been  usually  assumed. 

If  a  third  element  enters  into  the  composition  of  the  alloy, 
the  changes  brought  about  in  its  physical  properties  are  not  in 
accordance  with  the  sum  of  the  influences  which  each  of  the 
two  foreign  elements  exerts,  but  it  is  usually,  or  indeed  always, 
greater.  Hence,  for  example,  the  melting-point  of  an  alloy 
found  experimentally  is  lower  than  the  calculated  temperature 
of  fusion,  and  the  greater  the  number  of  foreign  constituents,  the 
lower  the  melting-point  becomes.  TIjus,  by  the  addition  of 
bismuth  to  lead-tin  alloys,  the  melting-point  may  be  lowered 
to  about  100^  C,  and  by  the  further  addition  of  cadmium,  to 
about  70°  C.  Mr.  Hadfield  deserves  the  credit  of  having  defi- 
nitely  proved  that  this  law  also  holds  good  for  the  other  pro- 
perties of  metals,  and  that  it  is  thus  possible  by  the  addition  of 
chromium  to  impart  to  high  carbon  steel  a  degree  of  hardness  and 
tensile  strength  which  could  not  be  attained  by  the  presence  of 
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carbon  alone  nor  of  chromium  alone*  In  my  opinion,  therefore, 
the  chief  use  of  chromium  steel,  and  of  other  steel  alloys,  mmi 
in  the  future  be  sought  in  this  direction — that  is  to  say,  in  their 
applicationg  as  material  characterised  by  resistance  to  niecbanicd 
wear  and  to  change  of  form*  Cliromium  steel  projectilet  pene- 
trate thick  armour-plates  witljout  being  broken  up,  the  mechanical 
action  of  the  impact  being  in  this  case  utilised  in  bringing  about 
a  change  of  form  in  the  softer  armour-plate,  and  the  hard  pro- 
jectile remaining  intact  in  spite  of  its  brittleuess. 

On  such  subjects  as  those  I  have  alluded  to,  Mr,  HadHeld'fl 
arduous  researches  have  afforded  us  information  of  inestimable 
value. 

Dr.  E.  J*  Ball  drew  attention  to  the  observation  of  M* 
Osmond,  that  certain  specimens,  when  heated  to  temperatures  of 
about  1300"  C,  retained  their  hardened  condition,  even  after 
slow  cooling ;  that  "annealing  produced  the  ordinary  eflTects  of 
hardening/'  This  would  appear  to  agree  with  some  observatioM 
he  had  made,  and  published  in  a  paper  read  before  the  Institute, 
which  tended  to  show  that,  at  the  temperature  mentioned  above, 
iron  very  low  in  carbon  undergoes  a  change  in  its  physical  con- 
dition, passing  into  a  "harder*'  form. 

With  regard  to  the  tensile  tests,  it  would  be  of  interest  to 
know  whether  chromium  steel,  hardened  from  different  tempera- 
tures»  acts  like  some  of  the  higher  carbon  steels  that  have  been 
examined  in  the  metallurgical  laboratory  at  the  School  of  Mines. 
A  gradual  increase  in  tenacity  was  observed  as  the  temperatutt 
from  which  the  hardening  was  effected  rose,  but  at  a  tempert* 
ture  of  about  900**  C.  there  was  a  first  maximum  tensile  strength, 
the  tenacity  greatly  diminishing  within  the  next  100",  and  th( 
increasing  again  witli  equal  rapidity  as  soon  as  this  temperati 
was  exceeded*  Perhaps  Mr.  Hadfield,  in  continuing  his  in( 
interesting  examination  of  the  chromium  iron  alloys,  may 
^^^^^ble  to  give  further  information  on  this  point. 

^  Mr.  T.  Blair  :  My  experience  of  chrome  steel,  extending  m 
^^^  some  years,  is  that,  although  a  valuable  material  when  properl 
I  treated,  it  has  acquired  a  reputation  foi"  uncertainty  and  treacherfi 
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mainly  owing  to  unskilful  manipulatioii,  and  tlie  great  variation 
in  the  composition  of  the  materials  used  in  its  production. 

In  the  first  placei  the  alloy,  or  ckromeisen,  is  of  exceedingly 
irregular  composition,  especially  that  made  in  crucibles.  On 
looking  through  a  large  number  of  analyses,  published  and  from 
private  sources,  I  find — - 


Cnrbon  may  vary  from  . 
Silictin  „         „ 


1*0  tn  11  per  cent 
0-5  „     8       ,. 
tiaoe  »    4      ,, 


while  the  sulphur  and  phosphorus  are  invariably  very  low.  It  is 
not  to  be  expected  that  uuiform  results  can  be  obtained  when  each 
50  or  60  lbs.  (or  one  crucible  melt)  varies  within  these  limits. 
My  experimental  meltings  have  been  mainly  made  by  using 
ch  crude  alloys,  purititd  by  Mr,  Joseph  Bedford's  patent  pro- 
s,  by  fusion  of  the  alloy  witlt  oxides*  A  luelt  of  three  tons 
was  made  with  the  following  results  :^ — 


I 


Cnide  klloj. 


C»rboti 
Silicon 
Sulphur     , 
Phosphonirt 

Cbromiiin] 


Pff  Cent 
3-620 
2-230 
0*012 
0*050 
2-892 
11  000 


Purified  Alloy. 


Per  Cent 
2  182 
0"0©3 
0*010 
0^00 
0*951 
8-980 


I 


The  product  was  well  melted,  and  of  uniform  compositioii. 

Professor  Arnold,  of  the  Shettield  Teclinical  School,  kindly 
made  for  me  an  iugot  from  this  calculated  to  contain  0"70 
carbon  and  TOO  per  cent,  chromiutu,  aluminium  being  added  as 
usual  at  tlie  end.  This  steel,  hammered  down  to  1-incli  square 
bar,  stood  the  following  tests,  also  made  by  Professor  Arnold  r — 


Tenaile  itrain 
BloDgation  on  2  iticlies 
ContraetioD  of  area. 


fi7  "24  tons  per  tquare  incW. 
10*00  per  ccmt. 
40(¥(      „ 


A  portion  of  this  bar  was  rolled  down  to  Xo.  5  wire-rod,  and 


gave : — 


Area  of  rod 
Tensile  istraiti    . 
Elofkgatiot) 
Cotkitmetioti  of  areu 


1. 

0036 

787 

6-2 

4115 


OiHO  men  itj  squttTd  inchei, 
71  i  tons,  tkven  in  sqtiai«  ii 


(5U  p-er  oeut, 
52-5       .. 


sqtiai«  ifiollfl. 
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Mjr  analysis  of  this  steel  gave : 


Per  Cent. 

Oirbon  (by  oomlmftiofi) 

0*750 

Silicon 

0t»40 

Sulphur 

om5 

Pbo«phi»ni»i 

0^)55 

lliui|(Qti«*»e 

0-:^ 

CbtTJunutn 

1-01*8 

971190 

p 


These  excellent    results   have   been   repeated  by  suhseq 

meltings  at  various  steel-works,  and  can,  without  doubt,  be  regti 
larly  produced  with  due  care  in  melting  and  subsequent  manipu- 
lation. The  selection  of  the  scrap  for  melting  is  of  much 
importance;  it  must  not  be  taken  haphazard,  as  is  only  too 
frequently  the  case,  but  should  be  of  uniform  quality,  as  "  cut- 
iron,"  "  dead-soft,"  &c.,  of  which  the  chemical  composition  is 
known.  ^H 

Although  Mr.  lladfield  finds  his  samples  A  to  G  (0*22  to  1*5^ 
per  cent,  chromium,  and  0*07  to  0  2 7  per  cent  carbon)  not  much 
superior  to  silicon  or  ahiminium  steel,  I  venture  to  point  out  that 
the  above,  with  1-01)8  per  cent,  chromium,  and  0*75  per  cent 
carbon,  gives  results  almost  identical  with  his  sample  I,  witb 
1-17  per  cent,  chromium,  and  0*41  per  cent,  carbon.  So  that 
igh  tensile  strain  and  high  ductility  are  obtained  by  either 
composition.  I  think  the  tests  A  to  H  would  have  come  out 
better  with  higher  carbon,  had  that  been  his  object  The  samx 
would  also,  I  think,  apply  to  the  hardness  tests  in  Table  V. 

Out  of  the  numerous  meltings  I  have  made  since  the  above^ 
two  facts  are  worthy  of  note.     An   ingot  ^4th  1-13  per 
chromium,  and  0'6D  per  cent  carbon,  was  planed  through 
centre  longitudinally,  and  a  bar  1  inch  square  cutout;  this, tesi 
in  the  cast  stale,  broke  in  the  grip  at  60  tons,  and  another 
cut  out  in  the  same  way,  and  from  the  same  ingot,  1^  inch 
square,  and  forged  down  to  1  inch  square,  also  broke  in  the  gri 
at  72  tons. 

Mr,  Hadfield,  in  his  paper,  says  that  chromium  does  not  confi 
soundness.     It  certainly  appears  to  have  done  so  in  one  series 
of  instances.     Three  melts  were  made  at  a  works  in  SheflBeld 
for  r  ^iie  steel-melter,  misunderstanding  his  instructions, 
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otDitted  to  put  in  the  aluminium  (no  Spiegel  or  ferro-raanganese 
being  used).  The  ingots  did  mi  rke  in  the  moulds,  and  hanniAered 
down  well  to  solid  bars.      Their  compos  it  iou  was  as  follows  : — 


1^ 

2. 

3. 

Carbon 

075 

0'50 

0  60 

Silicon 

(JIO 

0  124 

0  06 

Chroittium    . 

\m 

0  538 
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I  have  noticed  that  chrome  steel  ingots  generally  pipe  well, 
and  are  very  fairly  free  from  blowholes. 

As  to  welding,  I  have  not  been  able  to  do  this  when  any 
aoiabte  percentage  of  chromium  was  present,  and  in  no  ease, 
Wfmi  with  2'25  per  cent*  cliromium,  could  I  get  any  sign  of 
dimascetiing. 

Mt.  Hadfleld'a  mention  of  self-hardening  chromium  steel  is 
very  interesting.  1  have  known  cases  where  low  percentages  of 
tojigslen  and  chromium  have  been  introduced  into  magnet  steel, 
but  no  doubt  an  excellent  selt-hardening  tool  steel  could  be  80 
{ifodnceci^  and  possibly  more  ciieaply,  and  with  more  reliability, 
tl&an  is  the  c;ise  in  the  production  of  tungsten  steel  at  present 

Certain  makers  of  crucible  steel  in  Sheffield  use  chrome  alloys 
m  their  process,  belicviug  that  the  steel  is  thereby  toughened. 
Bat  in  many  cases  this  is  done  without  any  knowledge  of  the 
OQCiipusitioD  of  the  alloy,  or  of  the  resulting  steeh  Of  course, 
tbere  are  others  who  work  on  scientific  principles. 

I  believe  that  there  is  a  future  for  a  chrome  steel  with  low 
Such  a  tough  steel  is  badly  wanted  for  wire  ropes, 
BpokeS;  and  sundry  other  similar  materials  where  higli 
i^^ensile  strength  and  ductility  are  combined :  also  in  castings. 
A  fent>-chromium,  with  1*0  per  cent.,  or  less,  carbon  would  be 
^msj  useful  for  producing  this  class  of  steeL 

Mr,  Howe,  in  his  book  on  **The  Metallurgy  of  Steel,"  says 

tfaas  chrome  steel  manufacture  **  is  a  promising  field,  but  only  for 

those  competent  to  control  it  scientitieally."     No  class  of  steel 

tn  tny  opinion,  sufiered  more  in  repute  than  this,  as  in  all 

stages  it  requires  careful  and  intelligent  manipulation,  arjd 

the  analysb  is  difficult,  especially  for  carbon  and  chromium. 

ft  ii  with  peculiar  pleasure,  therefore,  that  I  welcome  Mr.  Had- 

Idd'fl  paper  as  an  invaluable  piece  of  information  on  a  very  little 
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understood,  but  deeply  interesting  and  important,  bnncli  of  ibe 
metallurgy  of  steel. 

Mr.  F.  Lynwood  Gariusox  (Philadelpliia)  writes  as  follows:— 

Inasmuch  as  it  appears  practically  to  be  imposaihle  to  intro- 
duce the  chromium  into  steel  by  other  means  than  through  the 
medium  of  an  alloy  of  iron  and  chromium,  we  must,  in  order  to 
cheapen  the  cost  of  chromium-steel,  produce  such  ferro-chromium 
at  a  very  low  ligure.  From  the  little  experience  I  have  had.  it 
has  for  some  time  been  itiy  impression,  and  Mr.  Had  field's  results 
appear  to  confirm  it,  that  tiie  increased  hardness  which  chromium 
is  popularly  supposed  to  iuipait  to  steel  is  due,  not  so  much  to 
the  chromium  itself,  as  to  the  carbon  present  Thus,  for  example, 
it  will  be  noticed  in  the  following  analysis  of  a  Hoitzer  chromium- 
Steel  projectile,  that  the  carbon  is  quite  high  and  the  diromium 
low  J  indeed  the  carbon  content  approximates  to  that  of  Mr. 
HadSeld's  steel  containing  from  U  to  12  per  cent  chromium. 
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Keferiug  to  Table  VIU  of  Mr.  Hadtield's  paper,  I  note  that 
steel  to  which  I  more  particularly  refer,   117GM  (C.  1*27  an 
Cr,  11'13),  when  simply  forged  and  annealed,  *' filed  hard," 
when  quenched  in  cold  water,  *'  would  not  file  at  alL"     I  the 
forejudge  ir.s  physical  properties  to  be  very  similar  in  some  resp 
to  the  steel  of  which  I  give  the  analysis,  and  that  the  hardnesH 
is  due  to  the  carbon,  and  not  to  the  chromium,     Mr.  Hadtield 
states  that  this  particular  steel  of  his  '*  forged  very  well,"  luiJ 
an  ultimate  tensile  strengtli  of  62  tons  per  square  inch,  and 
an  elongation  of  10*38  per  cent 

I  fancy  tiiese  figures  are  very  much  above  anything  that  cou 
be  attained  with  the  aforesaid  Hoitzer  steel,  and  the  cousequa 
inferenofe  would  be  that  this  increased  ductility  is  due  to 
chromium,  which  is,  say,  2  per  cent,  in  one  case,  and  12  per  ' 
in  thf^ 
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If  these  obeervationa  are  correctj  they  confirm  Mr.  Hadfield's 

CODcltisioQ,  as  well  as  my  own.  that  chromium  per  se  does  not 

mppteeiably  harden  steel.     Just  what  actiou  it  has  on  steel  in 

the  abeence  of  carbon,  or  rather,  I  should  say,  in  the  presence  of 

a  Yerj  small  amount  of  carbon,  it  is  impossible  at  present  to 

declare.     It  would  seem  obviously  necessary,  in  order  to  produce 

a  ductile  chromium  steel,  to  have  the  content  of  carbon  in  the 

orijgiiial  ferro-chromium  as  well  as  in  the  chromium  steel,  as  low, 

md  (be  amount  of  chromium  as  high,  as  possible.     All  the  pub- 

liibed  analyses  (with  one  exception)  of  ferro-chromium  which  I 

have  yet  met  with  show  a  high  content  of  carbon,  the  average 

latiu  of  Lha  total  carbon  to  the  chromium  being  about  1 :  C.     Some 

of  tbese  alloys  contain  as  much  as  12  per  cent,  carbon  and  64 

per  cettc^  chromium ;  in  others  the  proportion  is  about  1:10.    It 

loUows,  as  a  natural  consequence,  that  on  using  an  alloy  so  high 

IB  carbon  to  produce  a  chromium  steel,  a  very  considerable  pro* 

{Mftion  of  this  carbon  must  be  absorbed  by  the  steel,  resulting 

in  hardness  at  the  expense  of  ductility. 

It  seems  to  me  that,  in  order  to  produce  a  ductile  alloy,  not 
only  of  chromium  steel,  but  of  nickel  or  tungsten  steel j  the  ferro 
illay  from  which  these  compounds  are  produced  should  be  made 
^h  as  little  carbon  as  possible  in  its  composition.  It  is  obvi- 
omty  impossible  to  effect  this  result  in  using  a  carbonaceous 
lutefriAl  aa  a  reducing  agent, 

I  have  been  recently   following  with  great  interest  certain 

tflortfi  which  are  being  made  to  produce  these  ferro  alloys,  con- 

' '"^iv:  little  or  no  carbon,  either  in  the  graphitic  or  combined 

ion.     With  what  success  we  liave  met  I  will  leave  you  to 

ame  when  I  present  the  results  before  the  Institute,  which 

to  do  within  the  course  of  the  next  few  months.      I  will 

t  present,  however,  that  the  results  appear  to  V)e  entirely 

ctory  as  far  as  we  have  gone.     I  give  below  an  incomplete 

f  some  ferro-chromium  which  we  recently  nmde  from  a 

chrome  ore : — 


duomiiUQ 

Carbon 

3ilicoxi 


15 "5 40  per  cent. 
0-972      „ 
0*818      „ 


^'j  companng  thia  analysis  with  those  given  in  Table  XIII.  of 
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Mr,  Hadfield's  paper,  it  will  be  observed  that  the  one  there  given 
which  most  nearly  approaches  the  above  analysis  contains  16  per 
cent,  chromium  and  2*72  carbon.  I  feel  quite  satisfied,  judging 
from  Bome  of  our  more  recent  experiments,  that  by  using  a  richer 
chrome  ore  we  can  obtain  a  higher  content  of  chromium,  and 
certainly  no  more,  but  even  less,  carbon. 

Now,  as  to  the  practical  application  of  chromium  and  other 
alloyed  steels,  it  seems  to  me  we  have  reached  the  stage  in  the 
metallurgical  arts  when  mild  steel  is  soon  to  be  replaced, 
to  a  very  considerable  extent,  by  other  oompoands,  which  we 
may  term,  if  you  please,  alloyed  steels,  just  as  some  few 
years  ago  mild  steel  replaced  malleable  iron.  Let  us  suppose, 
for  the  sake  of  argument,  that  the  ratio  of  the  tensile  strength  of 
malleable  iron  to  mild  sleel  will  be  about  2 : 3  (i.e.,  40,000  is 
to  60,000  lbs.  per  square  inch),  which  is  equivalent  to  a  gain  in 
strength  of  the  latter  of  50  per  cent.  If  we  assume  the  average 
tensile  strength  of  mild  steel,  say  boiler-plate,  to  be  about 
60;000  lbs,  per  square  inch,  and  that  of  the  steel  marked  1 1 76  H 
on  Table  I.  of  Mr.  Hadfields  paper  to  be  about  100,000  lbs.  per 
square  inch,  we  have  a  gain  of  66|  per  cent,  and  a  ratio  of  3 : 5 ; 
the  elongation  in  the  case  of  the  mild  steel  assumed  to  be  22  per 
cent.,  and  in  the  chromium  steel  26  per  cent,  or  a  gain  of  over 
4  per  cent. 

We  must  bear  in  iiiiod,  however,  this  excellent  showing 
chromium  steel  is  derived  purely  from  experimental  results, 
even  if  it  were  possible  to  produce  it  cheaply  enough  for  com- 
mercial purposes,  we  could  hardly  expect  to  reach,  at  the  outset^ 
the  above  figures.  The  commercial  success  of  such  a  commodity 
will  chiefly  depend  upon  the  available  supply  of  chrome  ore,  and 
the  possibility  of  producing  ferro-cliromium  containing  little  or 
no  carbon,  at  a  price  not  much  greater,  if  any,  than  the  present 
cost  of  ferro-manganese. 

I  have  been  lately  making  some  investigations  into  the  avail- 
able supply,  not  only  of  chrome  ore,  but  of  the  lesser  known  ores 
of  tungsten,  wolfram,  and  scheelite,  and  also  of  nickel  ores.  If 
the  information  I  have  received  be  correct,  it  would  seem  that  an 
abundant  supply  of  these  ores  will  be  forthcoming  as  soon  as  anj 
considerable  demand  for  them  is  created. 

It  won'^        '^ar  useless  to  mention  the  numerous  purposes  for 
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hich  chromium  steel,  possessing  a  greater  strength  and  ductility 
lan  the  best  mild  steel,  might  be  used.  Every  engineer  can 
leadily  appreciate  what  great  saving  of  weight  would  be  effected 
SB  substitoting  for  structural  purposes  a  material  20  to  25  per 
^dL  stronger  and  10  per  cent  more  elastic  than  any  now  in  use. 
It  would  truly  be  a  boon  to  naval  engineers  and  constructors. 
If  such  a  steel  as  I  indicate  contained,  according  to  Mr.  Hadfield's 
showing,  only  from  2  A  to  3  per  cent  chromium,  there  is  no 
jreaaon  why  it  could  not  he  made  at  a  very  moderate  price,  pro- 
irided,  as  I  have  iiiiimated,  thai  the  practically  carbonless  ferro- 
chromium  can  be  made  at  a  low  cost 

Mr.  Fra>*k  W.  Dodd  remarks  that  the  exact  role  played  by 
Ibe  third  element,  chromium,  in  chromium  steel  is  still  left  in 
ikmbt  It  seems  to  be  proved  that  chromium  does  not  of  itself 
confer  hardness,  and  considering  that  it  exists  almost  entirely  in 
a  dissolved  state  in  one  form  or  another,  it  could  hardly  be 
cxpeeied  to  impart  eitlier  its  hardness  or  high  meking-point  to 
tlie  ouiss  of  metal  dissolving  it.  The  points  of  Insion  of  all  the 
ttoplfs  seem  to  have  been  cousiderably  lowered  by  the  addition 
»>f  '  ji,  and,  in  fact,  most  of  the  conditions  of  solidification 

Mi'  ^  uf  the  steel  are  modified,  as  might  well  be  expected 

wbtn  a  considerable  percentage  of  a  third  element  is  dissolved  in 
it    It  might  very  reasonably  be  suggested  tliat  ihe  cliief  duty 
of  the  chromium  consists  in  bringing  about  these  changes  in  the 
point  of  fusion,  and  in  other  critical  temperatures  of  the  steel 
dnriog  aolidiGcatton  and  cooling,  and  thereby  giving  the  molecules 
of  tk^  mass  an  opportunity  of  arranging  themselves  in  an  order 
(fiffnttit  to  that  obtaining  in  simple  carbon  steel-     Assuming 
H||il  to  be  the  case,  the  most  to  be  expected  directly  from  the 
Bbonitum  is  that  it  wHl  only  allow  itself,  in  a  state  of  combina- 
tioft  or  otherwise,  to  be  dissolved  in  the  mass  of  the  metal  with- 
CTtt  itit*frfering  very  seriously  in  questions  of  strength,  ductility, 
*c,  but  relying  for  its  influence  mainly  on  its  thermal  efTects. 
IW  production  of  an  equable  and  natural  hardness  throughout 
the  mass  of  the  metal  by  an  internal  ai^ent  modifying  the  condi- 
Cfaei  of  cooling  must,  in  many  cases,  have  great  advantages  over 
the  production  of  hardness  by  a  violent  interference  with  the 
jioniial  cooling  of  the  metal  by  external  means. 


Mr.  B.  H.  Thwaitk  :  I  wish  tx)  congratulate  Mr.  Uadtielcl  oq 
the  masterly  and  thorough  manner  iu  wliich  he  has  inveatigatai 
the  genesis  aad  influence  of  the  metal  chromitim  as  an  all 
associated  with  steeL  Mr,  Hadtield  has  already  given  us  m 
graphs  on  the  manganese  and  aluminiiim  elements  as  ferr 
alloys;  but  this  last  monograph  is  more  thorough  than 
two  preceding  ones,  although  they  were  admirable  examples 
practical  and  scientific  research,  I  believe  I  atn  partly  re 
sible  for  sugjjesting  the  diagrammatic  form  by  which  Mr,  Ha 
has  so  ably  and  lucidly  shown  the  lessons  of  his  physical  research" 
For  practical  men»  this  diagrammatic  method  of  showing  up 
results  and  their  nieanin'^'  by  a  lon'^^  and  exhaustive  series  of 
searches  is  all  that  could  be  desired.  It  enables  him  at  a  glance 
to  absorb  tlie  valuable  results  of  the  tests.  There  is  a  striking 
difference  between  the  density  characteristics  of  the  four  ferrous 
alloying  metals — silicon,  aluminium,  chrome,  manganese,  nickelj 
and  tungsten. 

According  to  Wurtz,  in  his  Didionnain  d%  Chimie: — 
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Tliat  ihere  is  a  striking  analogy  between  the  general  inflnen 
on  iron  and  steel  of  the  alloys  of  silicon  and  aluminium  is  fartb 
confirmed  by  their  extraordinary  similarity  of  density. 

One  striking  fact  coDspicnously  brouglit  out  by  Mr,  Hadfieh 
but  already  known,  is  the  refractoriness  of  the  metal.     Any  op 
hearth  steel  furnace  that  will  easily  melt  this  metal  must  hnfi 
excellent  thermic  qualiti cations.     It  is,  of  course,  understood  th 
unless  there  is  a  perfect  and  absolutely  equal   fluidity  of 
alloying  metals,   the    imperfectly   melted    one    will   be    me 
mechanically  shelled  or  enveloped  witli  the  more  fluid  one.    The 
will  be  no  alloy  combination* 

It  is  also  obvious   that  in  proportion  to  the  altitude  of 
fnsioTi   ^'^•^nerature  will  be  its  tendency  to  rapid  solidificatia 
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lid  bere  is  the  greatest  difficulty  we  have  to  coDtend  with  in 
ng  with  alloying  metals  having  a  very  high  fusiou  tain- 


The  fusion  of  the  metal  can  be,  and  is,  accomplished,  but  the 

ity  with  which  it  solidifies  in  the  pouring  operation,  and  in 

tlie  metal  into  the  moulds,  almost  absolutely  proldbits 

ability  of  obtaining  a  soundly  solid  ingot. 

Itt  fact,  owing  to  its  rapid  solidiHcation  at  even  very  high 

liitive  temperatures,  its  tendency  will  not  be  so  much  to  conler 

^undnet»a  on  any  metal  it  is  alloyed  with,  as  to  increase  the 

qIu metric  proportion  of  the  interstitial  contraction  spaces, 

uminium  and  silicon,  on  the  contrary,  owing  to  their  lower 
g  points,  and  lighter  density^   remain  quite  fluid,  whilst 
steel  is  in  a  semi-plastic  but  presumably  porous  condition, 
result  is,  that  in  pari  passu  njeasure  as  mulecular  contrac- 
tkm  o(  the  steel  occurs,  the  fluid  aluminium  or  silicon  flows  into 
ti^e  intermolecniar  spaces*    The  result  is  a  soundly  solid  metallic 
iogot  or  casting,  but  not  a  homogeneous  one.     Whereas  the  addi- 
tion oi  chruraium  wdl  not  supply  this  filling-up  metal,  of  a  lower 
tteltiDg  point  and  density,  its  tendency  will  be  to  increase  the 
tobme  of  contraction  cavities.      If  we   only  exactly  knew  the 
hiion  temperature  of  chromium,  the  exact  volumetric  addition  to 
tlM  contraction  spaces  could  be  calculated. 

Th«  addition  of  aluminium  or  silicon  to  ferro-cliromium  alloys 
▼ould  enable  a  solid  casting  to  be  obtained,  but  there  must  of 
•eceaaity  be  a  very  uniform  niulecular  structure. 

U  would  be  of  the  highest  value  to  metallurgical  science  were 
in  illoy  ingot  cut  up  into  equal  slices,  and  each  slice  then  care- 
Wljr  divider!  into  small  and  equable  squares,  each  square  being 
pot  to  analytical  and  microscopic    tests.     Such  an  exhaustive 
_  tett  fould  throw  light  on  a  very  obscure  surface.     A  test  of  this 
^Hpacter  would  remove  many  doubts,  and  decide  whether  the 
^^mnj  I  have  enunciated  many  times,  in  order  to  explain  the 
ooseof  unsoundness  of  ingots,  and  why  alloying  metals  of  a  low 
ttikitig  point  confer  solidity,  is  the  correct  one  or  not. 

I  quite  coincide  with  Mr.  Had  field  in  his  remarks  as  to  the  ad- 

niabdity  of  the  Government  adopting  the  C.G.S.  or  metric  system, 

Hw  thin  end  of  the  wedge  would  be  the  introduction  in  our 

of  this  metric  system  as  the  future  standard  units  and 
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methods  of  measurement,  placing  the  ordinary  system  in  a 
secon<iary  position.  The  scholar  would  gradually  begin  to  think 
and  judge  of  measurements  in  the  metrical  manner. 

To  those  already  saturated  with  the  existing  units  and  system, 
the  difficulty  is  in  educating  one*s  self  to  think  in  metres.  One  is 
upt,  in  mentally  taking  a  measurement,  to  think  in  feet»  and  trans- 
form them  by  mental  calculations  into  metres.  If  our  scholars 
are  educated  to  do  the  reverse  of  this,  and  think  in  metres, 
the  necessity  for  the  mental  transformation  will  be  gradually 
extiuL^uislied,  A  set  of  tables  published  in  the  Engin^r  some 
four  years  ago,  showing  the  relative  values  of  the  two  measure- 
ments, should  be  in  the  hands  of  every  engineer  and  metal- 
lurgist A  constant  reference  to  this  table  is  the  best  possible 
system  of  education  for  a  practical  man  brought  up  in  the  old 
school. 

I  am  also  in  the  fullest  accord  with  Mr.  Hadfield  in  his 
remarks  anent  our  adoption  of  progressive  movements  and  ad- 
vances* Better  that  we  should  enter  the  way  of  progress,  and 
maintain  the  lead  in  it,  than  wait  until  circumstances  force  us 
into  the  path,  only  to  find  it  too  full  to  enable  us  to.  elbow  o«f 
way  to  the  front. 

Mr.  A.  VosMAER  would  like  to  point  out  the  peculiar  hardness 
of  rich  ferro-chromes.  Professor  Behrens  showed  him  a  sample 
of  50  per  cent,  chromium  (ferro-chrome  from  De  Ilaen,  Hanover)^ 
possessing  a  hardness  of  7*5,  that  is,  a  hardness  between  those  of 
quartz  and  topaz,  thus  indicating  a  considerable  difference  between 
deiid-hair  steel  and  chilled  iron,  the  first-named  being  about  6'5, 
the  latter  about  6,  There  is  not  so  much  difficulty  in  separating 
the  hard  compound  under  the  microscope,  provided  some  feno- 
chrome  be  used. 

Ui\  Paul  Kukuzpointnek  (Altoona,  Pa.) :  It  is  only  from  « 
desire  not  to  appear  iiidifTerent  to  the  invitation  to  discuss  Mr. 
Hadfield's  admiralJe  paper  on  chromium  steel  that  I  have  accepted 
the  proposal,  despite  a  natural  hesitancy,  to  appear  in  the  metal- 
lurgical forum. 

Three  essential  conditions  determine  the  fitness  of  steel  for  a 
given  purpose. 
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First, — Freedom  from  oxides,  slag,  blowholes,  or  any  defects 
which  tend  to  impair  the  continuity  of  the  structure,  and  that 
modt  intimate  adhesion  of  the  individual  particles  which  alone 
impart  to  a  metal  maxiiiuim  cohesion  or  the  power  to  resist 

Steand. — ^The  degree  of  difference  existing  in  the  nature  of  the 
two  bodies,  which,  as  is  now  recognised  by  many  high  authoriiies, 
make  up  the  mass  of  steel,  the  crystalline  and  supposed  harder 
portion,  and  the  amorphous  or  supposed  softer  portion  ;  this  degree 
o(  difference  in  hardness  or  softness  of  the  respective  bodie"?,  and 
the  predominance  of  one  over  the  other,  determining  the  ''  wear 
tad  letr"  of  steel  to  a  ^eat  extent. 

Third, — The  hardness  or  softness  of  the  individual  particles 
of  steel ;  the  degree  of  hardness  determining  the  greater  or  less 
Itststance  of  each  individual  particle  or  molecule  to  crushing  and 
change  of  form,  through  hammering,  rolling,  or  other  mechanical 

Permit  me  to  consider  briefly  the  eEFects  of  the  three  conditions 
mmed  on  the  behaviour  of  steel 

The  evil  effects  of  blowholes  and  foreign  matter,  which  impair 
die  continuity  of  the  structure  of  steel,  are  so  well  known  to  the 
f^ers  of  the  Jotrrnul  of  the  Iron  and  Steel  Instil lUc  that  nothing 
iirlher  need  be  said  here. 

Of  the  second  condition  named — the  relative  difference  of 
bmiiiess  or  softness  of  the  two  bodies  forming  the  steel — we 
ktve  as  yet  no  tangible  measure  wherein  this  difference  consists, 
(liOQgh  that  there  is  a  difference  we  can  see  on  the  previously 
OBOOth  surface  of  the  test  section  of  a  broken  or  bent  test- piece, 
«r«n  if  there  were  no  other  indications.  That  the  predominance 
rf  the  soft  or  amorphous  body  or  "  matrix,"  as  M.  Osmond  happily 
tema  it,  or  rirc  versd,  has  a  good  deal  to  do  with  the  behaviour 
<rf  the  steel,  other  things  being  equal,  can  hardly  be  denied  by 
tfm  llje  superficial  observer. 

The  crystals,  their  hardness  and  nuraberj  evidently  give  strength 
tad  elasticity  to  steel,  and  if  the  crystals  are  wanting  we  have  a 
■itil  of  low  strength  and  high  ductility;  the  metal  will  "set** 
■od  "flow"  easily  under  this  condition. 

Oq  the  other  hand,  if  the  liardness  of  the  matrix  approaches 
Ihu  oi  the  crystals,  without,  however,  assuming  the  character  of 
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the  latter,  then  we  have  a  etiffer  metal  with  still  ^od  ductility. 
In  this  case  the  crystalline  portion  of  steel,  in  its  efforts  to 
nipture,  receives  greater  support  from  the  amorphous  portio 
witli  a  resnlting  higher  resilience,  comparative  with  the  ultimate 
strength  of  the  two  metals.  When  the  matrix  is  very  soft,  the 
appears  to  be  maximum  local  contraction  ;  where  the  matrix 
harder,  there  Beems  to  be  a  more  utiiforiu  stretching  all  over  with 
the  same  ultimate  strength,  and  total,  or  even  greater  elongation. 

Carrying  this  analogy  to  the  extreme,  we  may  imagine  a  8teel 
entirely  devoid  of  crystals  in  the  onliuary  sense  of  the  word^  aiid_ 
all  amorphous,  yet  possessing  the  greatest  hardness,  giving 
porcelain  fracture  of  tungsten  steel. 

If,   in   that  case,   brittleness   would  not  be  produced  by  tlie_ 
combination  of  chemical  elements,  then  a  product  is  conceivab 
possessing  maximum  elasticity  with  great  strength,  and  still 
fair  degree  of  ductility. 

An  approach  to  this  ideal  condition  we  observe  in  very  fid 
grained  carbon  or  special  steels.     It  need  hardly  be  mention 
that  a  prime  requisite  to  attain  such  an  ideal  is  freedom  of 
steel  from  all  foreign   matter  which   would  impair  oontioui^ 
of  structure,  and  perfectly  uniform  distribution  of  all  chemia 
eleinenis  through  the  mass. 

Now  let  me  attempt  to  explain  the  third  condition  na 
above.     Often  we  find  two  pieces  of  steel  of  the  same  cla 
having   the  same,  or  nearly  the  same,  ultimate  strength 
elongation,   to   be  structurally   different.     If  nothing   else,  til 
surfaces  of  the  test-pieces  after  rupture  indicate  such  differeoo 
Various  indications  make  this  very  noticeable  to  the  expert 

It  is  obvious  that  tliere  muf5t  be  an  inhemnt  difference 
structure  to  produce  such  results. 

The  surface  of  the  test-section  of  one  broken  piece  app 
creased,  while  the  other  presents  a  velvety  appearance, 
fractures  of  the  section  also  show  a  difference,  thougli  not  ah 
pronounced. 

In  the  one  case  the  crystals  evidently  were  crushed  by 
stress  applied ;  in  the  other  case  they  were  not.      If  both  ife^ 
crystals  and  matrix  are  soft,  we  have   the  so-called  **  mushjr " 
steel     If   the  crystals  are  softj^  but  the  matrix  comparatively 
hard,  w^  *»^ve  a  steel  of  comparatively  high  ultimate  strength, 
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but  ioferior  resilience  and  "  staying  "  power.  If  the  crj^stals  are 
hard  and  large,  and  the  matrix  soft,  we  get  the  creased  appearance 
of  the  surface  of  the  test-piece.  If  both  crystals  and  matrix  are 
too  hard,  we  have  a  brittle  metal.  If  the  crystals  are  bard  and 
Tery  small,  and  the  matrix  coraparatively  soft,  we  may  expect, 
from  all  we  know  ahoiit  steel,  a  metal  of  high  elasticity  and 

K  elongation.  We  may  call  all  this  mere  speculation,  if  you 
se,  and  in  a  measure  it  is  speculative,  because  we  are  unable 
ve  quantitative  proof  of  the  conditions  described.  But  befom 
deiiooiiciug  it  all  as  woitblt-ss  speculation,  we  have  to  deny 
oettain  everyday  facts,  which  are  observed  by  those  who  have 
Uie  opportunity  to  test  and  examine  large  masses  of  steel  of 
farious  grades.     The  conditions  described  represent  the  ordinary 

Eon  fiteeU  of  the  market  in  their  natural  state  or  conditiou, 
leave  out  of  consideration  the  effects  of  hardening,  tempering, 
annealing. 
Tow,  then,  what  are  the  characteristics  of  chromium  ateel  in 
parison  with  carbon  steel  ? 
_  n  its  most  favourable  results  obtained  thus  far  chromium 
tt««l  possesses  great  hardness,  with  high  elasticity  and  a  fair 
of  ductility.  It  is  said  to  be  quite  forgeable,  with  the 
of  proper  care.  As  a  commercial  prod  tic  t,  however,  it 
h»  tims  far  not  gained  that  wide  field  of  application  it  once 
ptomiaed  to  occupy,  and,  with  the  exception  of  the  St.  Louis  and 
IUtn(»t8  bridges,  its  usefulness  has  been  confined  to  a  few  special 
pirposes.  The  reasons  would  seem  to  be  twofold :  in  the 
iifficulty  to  produce  steel  containing  a  uniform  percentage  of 
(iromiutn*  and  in  the  fact  that,  as  Mr,  Had  field  points  out^ 
tiiromium  without  the  presence  of  carbon  does  not  impart  hard- 
9m  to  iron.  Only  with  a  given  percentage  of  caibou,  and  a 
IMiparatively  high  percentage  of  chromium,  do  its  qualities 
iMoe  pronounced,  and  diflereut  from  carbon  steel. 

Mr*  H.  Howe,  in  his  *' Metallurgy  of  Steel/'  states  that  the 
Qoertainty  of  finding  chromium  in  uniform  percentages  in 
dunnium  steel  has  been  one  of  its  drawbacks,  so  far,  though  he 
fljiiutateg  the  belief  that  with  the  exercise  of  skill,  care,  and 
ottiligeiice  this  difficulty  can  be  overcoine.  Indeed,  it  would 
that  M,  Holtxer  in  France,  and  Mr.  Hadfield  in  England,  have 
ibisdy  attained  considerable  perfection  in  this  direction.     Mr. 
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HadfieLl  himself  admita  that  chrornium  is  very  refractory,  i 
requires  a  very  high  heat  to  incorporate  it  with  tlie  iron. 

If  we  examine  chromium  steel  from  the  standpoint  of  a  com- 
mercial product,  we  find  that,  according  to  Mr.  Uadtield'a  state- 
ment, it  is  out  of  the  race  with  carbon  steel  until  the  chromiu 
reaches  a  given  per  cent,  0*75  to  1  per  cent. 

As  to  the  item  of  cost  of  production,  being  no  doubt 
expensive  than  common  carbon  steel,  it  must,  in  many  cases 
least,  be  a  question  with  the  consumer  whether  chromium  st 
possesses  such  superiority  for  a  given  purpose  aa  to  warrant  au 
extra  outlay.  At  this  stage  of  our  inquiry  it  is  well  to  take 
into  consideration  one  point,  which  it  seems  to  the  writer  has 
often  been  overlooked  in  the  use  of  steel — namely,  that  steel 
suitable  for  one  purpose  is  not  necessarily  the  most  suocessfitl 
metal  for  another  similar  purpose. 

The  ideal  steel  is  the  one  which,  with  the  required  strength, 
combines  a  sufficiently  high  degree  of  natural  elasticity  not  to 
aulfer  deformation  or  **  set "  under  maximum  strains,  and  yet 

sesses  sutticient  ductility  to  prevent  rupture  under  most  trying 
circumstances. 

In  addition  to  these  ideal  requirements  there  must  be  su 
perfect  uniformity  of  cliemical  elements  in  the  steel,  continn 
of  structure,  and  adhesion  of  the  individual  particles  aa 
prevent  rupture  or  shearing  along  the  sides  of  the  crystals,  rati 
than  to  crush  them.  Now,  since  it  is  difficult,  in  every 
practice,  to  attain  this  ideal,  the  next  best  thing  must  be  song 
and  a  steel  unist  be  obtained  suitable  fur  any  given  purpose. 

Steel  has  often  received  an  unwarranted  setback  on  accoa 
of  the  belief  that,  because  it  gave  so  many  thousand  poun 
ultimate  tensile  strength  per  cent,  of  elongation   or  contract 
of  area,  it  is  the  best  metal  required.     Steel  cannot  be  tht 
forced    into   the   straight   jacket  of   a    mathematical    rule 
formula.     Whenever  the  conviction  is  universal  among  engine 
that  steel,  though  a  most  excellent  metal,  wants  to  be  studil! 
closely  and  intelligently,  and  not  with  the  sole  aid  of  the  calcu 
and  a  few  tensile  tests — w^bich  method  of  ascertaining  quali 
has  been  very  much  overrated,  valuable  though  it  is — and  by « 
ing  to  our  assistance  in  this  peculiar  work,  knowledge,  patienij 
judgmp  d  sound   reasoning,  then   steel  will  be  used  wit 
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dilscricDiiiation  and  qualiiiGation  to  the  advantage  of  the 
eonsumer.      With  this  fundamental  principle  for  the  use  of  steel 
as  a  guide,  the  writer  takes  the   liberty  to  say  that,  because 
cbrot»itim  st€el  has  proved  so  remarkably  successful  as  a  Biaterial 
for  projectiles,  it  would  be  like  jumping  at  conclusions  to  say, 
thai  therefore  chromium  steel  must  be  the  proper  metal  for  every 
other  purpose.     The  skill  required  in  its  production,  the  care 
aeoeaBaiy  to  forge  tlie  metal,  are  factors  which  have  a  certain 
ttgnificaDce  when  we  propose  to  use  chromium  steel  for  stmctural 
and  railroad  material     We  know  now,  from  the  experiments  of 
emiiient  physical  metallurgists,  and  the   important  object-lessons 
tauj^hi  by  "  detail  "  fractures  of  steel  structures,  that  the  frequent 
application  of  small  stresses,  just  passing  the  elastic  limit,  is  nmch 
noffB  destructive  to  structural  material  than  a  few  heavy  blows 
which  must  apparently  break  the  structure  at  once.     Hence  the 
tict  that  chromium  steel,  withstanding  the  tremendous  blow  of 
piercing  an  armour-plate,  however  thick,  does  not  warrant  us  to 
conclude  at  once  that  this  steel  would,  with  equal  success,  resist 
the  insidious   efftjcts   of   the    innumerable   and   variable   blows, 
small  though  they  may  be,  which  a  tyre,  an  axle,  or  any  similar 
Hnicture  has  to  stand- 
in  a  solid  and  compact  mass,  like  a  projectile,  the  presence  of 
t  legr^ation,  want  of  uniformity  of  structure,  or  a  small  vein  or 
last  af  oxides,  is  not  necessarily  a  cause  of  weakness  during  the 
aittiiitaneous  strain  of  compression  when  the  projectile  strikes 
Ult  armour,  and  when,  for  a  moment,  all   the  molecules  are 
tmwded  upon  one  another,  and  are  surrounded  closely,  during  their  ^ 
I"Mwge,  by  the  ujetal  of  the  armour,  which  thus  acts  as  a  retain- 
4,  as  it  were.    The  same  steel,  with  the  same  small  defect, 
r  I  an  axle,  tyre,  or  girder,  &c.,  ami  subjected  to  continued 
.  1  _:  and  straining,  will  sooner  or  later  become  "fatigued** 
Uiis  weak  point,  and  either  break  suddenly,  or  crack,  or  break 
i*i  "deUiV  presenting  the  anomaly  of  liaving  pierced  a  14-inch 
tnnoiur  **  without  a  scratch,'*  but  failing  in  the  performance  of — 
the  superficial  observer — mathematically  lighter  duties.     Now 
trie  writer  does  not  by  any  means  wish  to  detract  from  the  meiite 
rfthromium  ateel ;  on  the  conti-ary,  from  all  he  knows  about  it, 
pinoml  and  otherwise,  he  must  acknowledge  its  superiority  in 
onj  respects,  and  he  believes,  with  Mr*  Howe,  that  there  is  % 
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future  in  store  for  the  steeL  Bat  he  would  consider  it 
thiug  like  a  breach  of  tmst  to  the  metallurgical  world  were  h« 
not  to  call  attention  to  certain  factors  which,  in  the  nse  of  steel 
for  various  purposes,  tend  ao  strongly  to  enforce  the  law  of  the 
survival  of  the  fittest  From  the  microscopic  examination  of 
chroujium  steel,  as  presented  by  M*  Osmond,  we  have  the 
opportunity  to  make  some  deductions  favourable  to  this  steel 
Its  fine  structure  indicates  shock-resisting  qualities  with  high 
strength.  From  the  same  source  we  learn  that,  if  over-heated, 
chromium  steel  is  as  worthless  as  any  other  steeL 

The  effects  of  annealing,  as  presented  by  Mr.  Hadfield,  are 
very  pronounced  The  ductility  is  raised,  while  strength  and 
asticity  are  left  in  good  proportion.  Taking  all  the  known 
facts  about  chromium  steel  into  consideration,  we  may  s&felj 
conclude  that  it  is  a  special  steel,  deserviug  consideration  m 
account  of  its  hardness,  combined  with  forgeability,  provided  it 
is  treated  properly,  and  the  method  of  production  has  secured  a 
steel  which  contains  not  only  the  desired  percentage  of  chrorai 
uniformly  distributed  throughout  every  piece,  but  provided  a 
that  this  desired  percentage  is  present  with  allowable  appi 
mation  to  accuracy  in  every  article  manufactured. 

If  the  above  considerations  of  the  qualities  of  steel  a; 
rather  ideal  to  some,  the  writer  begs  leave  to  say  that*  in  dw 
first  place,  we  must  have  an  ideal  standard  or  basis  to  proceed 
from  in  determining  our  dady  needs ;  in  the  second  plwt, 
economic  conditions  drive  the  consumer  more  and  more  to  obtain 
the  ideal  in  everyday  practice ;  while,  on  the  other  hand,  daily 
experience  proves  that,  with  the  advancement  of  knowledge  d 
the  nature*  of  steel  of  all  classes,  and  the  perfection  of  the  methods 
of  production,  this  ideal  has  often  been  reached  in  the  past,  and 
will  be  more  so  in  the  future. 


Mr.  W.  H.  White,  C.B.,  (Director  of  Naval  Construction 
Having  been  unable  to  attend  the  meeting  when  Mr,  Hadfieli 
paper  was  read  and  discussed,  I  should  be  glad  to  be  permit! 
to  express  my  sense  of  its  great  value  to  all  interested  iu 
manufacture  or  use  of  steel.     It  is  a  worthy  successor  to 
series     "         ts  by  which  the  author  has  enriched  the 
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ti^  of  the  Institute.  There  can  be  no  dispnte  that  these 
fCDonfches  into  the  properties  of  steel  alloys  have  already  had 
m  gl^aftt  influence  on  pmctice,  and  promise  to  have  a  much 
greater  influence  in  the  future.  My  own  experience  with  chrome- 
steel  ha^  l)een  limited  to  its  employment  for  defensive  and 
gQsive  purposes.  Most  of  the  results  I  have  seen  with 
^me^steel  plates  have  been  obtained  with  comparatively  thin 
plates,  fired  sit  by  guns  of  small  calibre.  These  results  iiave 
abowQ  remarkable  advantages  as  compared  with  ordinary  quali- 
ties of  mild  steel.  It  is  understood,  also,  that  in  deck-targets 
exposed  to  attack  by  oblique  impact  at  small  an^^Ies,  chrome- 
iieal  has  behaved  well.  For  thicker  armour  plates,  and  normal 
iliipMtk  the  corresponding  advantages  do  not  seem  to  have  been 
m  well  established^  and  other  modes  of  manufacture  have  been 
preferred. 

It  19  most  satisfactory  to  find    British  steel-makers  so   well 
maintaining  their  position  in  the  manufacture  of  warlike  material. 
TbMX  in  some  respects  they  have  followed  the  lead  of  foreign 
manufacturers  may  be  admitted  freely,  although  it  must  not  he 
fatjgotten  that  in  many  new  departures   they  have   taken  the 
leiflL     In  the  manufacture  of  steel  projectiles,  the  French  un- 
doobtedly   showed    the    way.     But    the    results    to   which   Mr. 
Ha&ifield  alludes  with  justifiable  satisfaction  show  that,  in  this 
cotmtry.  and  by  independent  methods,  projectiles  in  all  respects 
^nn!  to  the  best  French  projectiles  have  been  produced.     liecent 
prueuts   in   armour  must  necessitate  a  reconsideration  of 
!  !  ^')MS  and   qualities  of  projectiles  best  suited  to  the 
•  '    L  .11    us.      The  problems  thus  arising  may,  one  feels  con- 
stat, be  safely  left  in  the  hands  of  gentlemen  who  have  already 
Ane  BO  much  valuable  work  in  advancing  steel  manufacture. 
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Mr.  J.  E.  Stead  had  not  had  much  experience  with  steels 
miamiiig  chromium,  other  than  making  chemical  analysis  of 
4ail.  ^e  little  practical  experience  he  had  had  on  adding  small 
qeiQiities  of  chromium  to  open-hearth  steel  were  not  constantly 
Mirfr^rrj  Sometimes  the  effect  of  Oi  per  cent  had  a  decided 
IWgheotPg  eETect ;  at  others,  apparently  none  at  all.  He  had  con- 
dwted  that  chromium  did  not  always  have  the  same  effect  on  the 
wdiinirnl  properties  of  steel,  probably  because  it  arranged  itself 


itt  groups  or  molecules  with  the  iron  differently  under  alighti 
differing  treatment. 

It  had  not  yet  been  found  out  how  to  control  the  effect, ; 
hence  tlie  use  of  chromium  was  for  the  time  abandoned. 

Personally,  he  thauked  Mr.  Hadficld  for  the  almost  exhaustive 
results  placed  before  them,  and  recommended  all  the  youngeij 
members  of  the  Institute,  and  all  who   desired  to  study  ai^|H 
metallurgical  subject,  to  take  as  their  model  the  original  inves- 
tigations of  that  gentleman,  which  were  all  types  of  metho 
order,  and  persistent  and  constant  hard  work. 
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Professor  J.  0,  Arnold  remarks :  1  have  read  Mr,  Hadfields 
masterly  paper  with  much  interest,  and  regard  it  as  one  of  the 
most  important  contributions  to  the  literature  of  practical  steel 
metallurgy  which  has  been  written  for  many  years. 

I  fully  endorse  the  accuracy  of  his  criticisms  on  my  paper 
on  chrome  tyres,  and  accept  his  addition  to  my  definitions  of 
the  influence  of  chromium  on  steel ;  but  it  will  be  noted,  on 
reference  to  the  original  paper,  that  those  definitions  were  applied 
only  to  771  i Iff  steel.  I  am  not  at  present  in  a  position  to  deal 
with  the  important  subject,  only  H;^htly  touched  upon  by 
Hadfield,  viz.,  the  remarkable  sensitiveness  of  chrome  steel  to  i 
operations  of  liardening  and  tempering,  and  the  diverse 
perties  assumed  by  the  same  steel  when  treated  under  slight! 
differing  thermal  conditions. 

With  reference,  however,  to  tlie  table  summarising  the  pn 
perties  and  compositions  of  unhardened  steels,  there  are  cer 
points  open  to  criticism »  In  the  first  instance,  it  is  to  be 
gretted  that  in  a  research  involving  so  much  labour  and  thouglilj 
purer  materials  were  not  employed  for  the  manufacture  of 
various  ingots.  Samples  1176  J  to  1176  0  contain  silicon  ill 
such  quantity  as  to  render  them  not  strictly  comparable  witl 
the  preceding,'  steels,  being,  in  fact,  carbon-silicon-chrome  steela.J 

There  are  two  other  points  concerning  which  my  experienO 
of  crucible  chrome  steels  (extending  over  several  years)  diffea 
greatly  from  that  of  Mr,  Iladfield.  Dealing  with  chrome  st 
up  to  7  per  cent,  I  have  never  had  the  slightest  difficulty  witl 
the  fusion  of  ferro-chrome  (40  to  60  per  cent.)  My  resultl 
again,  show  it  to  be  an  element  so   little  liable   to  oxidatia 
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M  crucible,  as  to  yield  very  certain  results  in  obtaining  the 
required  percentage  of  metal  Mr.  Had  field,  however,  records 
losam  ranging  from  2  to  25  per  cent,  of  the  chromium  added. 
It  will  be  interesting,  in  the  face  of  this  discrepancy,  to  know  the 
analytical  method  adopted  for  the  determination  of  the  chromium 
in  tbe  alloy  and  samples. 

The  following  example  (selected  from  the  research  series  at  the 
Sheffield  Technical  School)  may  be  of  interest,  to  compare  with 
Mr.  Hadfield*8  sample  117G  J,  to  which  it  is  nearest  in  composi- 
tfen.*      The  ingot  was  melted  from  the  following  mixture : — 

llie  ferro-chrome  was  added  when  the  iron  was  ''overhead/^ 
and  the  aluminium  five  minutes  before  teeming.  The  ingot 
-  piped,"  but  '*  topped  "  quite  sound. 

The  3-inch  ingot  was  co^'ged  to  li  inch  square,  and  rolled 
to  1|  inch  round  ;  it  hammered  and  rolled  excellently. 

The  mark  X  (normal)  in  the  subjoined  table  has  reference  to 
the  fact  that  the  steel,  after  leaving  the  rolls,  was  raised  to  a 
bright  red  heat,  and  allowed  to  cool  in  air,  in  order  to  guard 
tgdoat  any  possible  cry^^talline  distortion  in  the  rolls. 

The  sample  marked  A  (annealed)  was  kept  at  a  bright  red 
beat  for  seventy  hours,  and  packed  in  a  box  of  sand  placed  on  the 
bai  of  a  reverberatory  furnace.  Tlie  furnace  was  luted  up,  and 
iQovtd  to  cool  down  during  four  days. 

Heseabch  Lvgot,  209, 
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It  will  be  noted  that  onlj  li  per  cent  of  the  total  weight  of 
chromium  added  was  oxidised,  and  this  is  typical  of  a  large 
number  of  results.  Tliis  point  is  well  worth  clearing  up,  because 
Mr.  Hadfield'd  experience  would  make  it  appear  that  the  intro- 
duction of  any  desired  percentage  of  chromium  is  a  matter  of 
some  uncertainty.     Mine  points  to  an  opposite  conclusion. 

One  of  the  most  satLsfactory  features  of  Mr.  Hadfield's  paper 
is  his  adoption  of  the  correlative  system  I  have  so  long  and  so 
vainly  advocated  ftir  steel  research.  But  whilst  cordially  wel- 
coming the  principle,  I  must  strongly  protest  against  the  manner 
in  which  it  has  been  carried  out.  The  microscopical  examina- 
tions and  the  recalescence  obBervations  have  been  made  by  M. 
Osmond, 

Mr.  Hadfield's  mechanical  test-pieces  were  from  rolled  bars 
1^  inch  diameter.  M,  Osmond's  micro-sections  (presumably 
longitudinal)  were  from  bars  hammered  to  |  inch  square,  and,  as 
he  admits,  distorted  by  the  hammering.  Such  a  comparison  is 
valueless^  and  in  no  sense  correlative. 

Again,  M.  Osmyntrs  alleged  annealed  sections  are  not  anneaki 
all,  but  "  normaV  havinii  been  only  heated  to  varioua  de 
of  redness  and  allowed  to  cool  io  air. 

I   have  been   engaged  during  the  past  five  years  in  a  clo 
study  of  the  micro-structure  of  steels,  but  must  confess  that  to 
me  much  of  M.  Osmond's  report  is  unintelligible.      In  the  fip 
place,  he  does  not  state  whether  his  liglit  was  reflected  from 
parabolic  or  a  45°  mirror. 

His  statement  that  the  structure  of  a  steel  containing  016 

cent.  C,  and  0-29  per  cent.  Cr.  is  non-crystalline,  and  only  visible 

under  "  l»igh  powers,"  is  remarkable.     My  experience  of  such  a 

metal  is  that  it  is  highly  crystalline,  and  the  structure  is  distin 

_  at  40  diameters. 

^H  His  assertion  "  that  the  resistance  to  breaking  of  a  mild  sU 

^^      represents  the  resistance  between  the  grains,  and  not  that  of  th 
I  grains  themselves/'  is  correct  only  to   a  limited  extent, 

i  interlocking  of  the  crystals  in  mild  rolled  steel  is  so  comj 

W  that  a  longitudinal  micro-section  at  the  point  of  rupture  reve 

^^      the   fact  that  so  much  resistance  have  the   grains   themselv 
^H     opposed  to  the  tension,  tliat  they  have  changed  their  forms  from 
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M*  Osmond  usetl  for  etchiog  his  sectioDs  water  eontainmg  20 
per  c^nt  by  volume  of  nitric  acid.  I  have  fouod  that  water 
containing  only  0*2  per  cent,  by  volume  of  acid  (or  jlis  the 
?oliime  employed  by  M.  Osmond)  is  amply  strong  for  chrame 
ateela. 

However,  M.  Osmond  sums  up  his  results  as  indicating — 
1.  That  Sorby's  pearly  constituent  of  alternating  laminee  is 


2.  That   chrome  steels   are   practically  devoid   of  crystalline 
stracture* 
I  Th©  last  statement  is  to  some  extent  true  under  certain  thermal 
nditions,  but  aa  a  general  principle  it  is  inaccurate. 
The  first  statement  is  not  only  inaccurate,  but  is  the  opposite 
^  the  actual  fact. 

My  contentions  are  practically  demonstrated  by  the  following 
notes  on  the  micro-structure  of  the  normal  and  annealed  bars  of 
which  the  mechanical  tests  and  analysis  have  already  been  tabu- 
Uted  herein* 

The  sections  were  transverse,  and  turned  from  the  1 J  inch  bars 
on  which  the  tests  and  recalesceoce  observations  were  made.  The 
&iero-pieced  were  0*5  inch  diameter  and  iV  inch  thick.  The 
•  yoiUling  of  each  occupied  about  four  hours.  The  etching  acid 
ooodflted  of  1  cc.  of  nitric  acid  specific  gravity,  1*20,  and  159  ec. 
oi  dietiUad  water. 

209  N, 

The  structnre  consisted  entirely  of  iU-defiued  interfering  crystals 
r  rf  the  pearly  constituent.     The  segregation   of  the   component 
was  imperfect,  much  diflfused  carbide  being  present     Here 
there,  however,  fairly   distinct  cryatals    with   well-marked 
liatina  were  visible. 

209  A. 

Ihe  structure  consisted  altogether  of  large  well-defined  crystals 
of  tie  pearly  constituent,  presenting  even  to  the  naked  eye  a 
beutlifal  mother-of-pearl  appearance.  Under  the  microscope, 
with  oblique  light,  at  40  diameters  the  crystals  gave  splendid 
iifteHei€iice  colours.  At  630  diameters^  with  direct  light,  the 
kmtDiB  presented  all  over  the  field  a  segregation  and  definition 
found  in  carbon  steels. 


• 
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I  may  also  state  that  in  milder  steels  coDtaining  say  0*5  per 
cent,  carbon,  the  addition  of  0*5  per  cent  chromium  has  a  decisire 
iDfluence  in  determiniDg  the  more  perfect  formation  of  the  pearlj 
constituent 

Recalescence. 

Experiments  made  at  the  Sheffield  Technical  School  fully  bear 
out  M*  OsEtiond's  statement  -that  '*  chromium  hastens  ttie  trans- 
formatioD  of  *  temper  carbon  '  into  *  annealing  carbon  *  during  the 
cooling  of  steeL" 

I  have  satisfactorily  identified  IL  Osmond*9  critical  point  Ar^ 
with  the  formation  of  Sorby^s  lamina,  and  yet  M.  Osmond  states 
they  are  absent  from  chrome  steels* 

Taking  as  ordiiiates  degrees  Centigrade,  and  as  abscissae 
minutes,  the  cooling  curves  of  2r>9  N  will  be  found  to  agree 
fairly  well  with  M.  Osmond's  observations  with  reference  to  the 
influence  of  the  rate  of  cooling;  but,  as  regards  the  intluence  of 
initial  temperature,  they  are  very  diU'erent,  and  present  no  appear- 
ance of  self-hardeiiing,  even  from  a  temperature  30°  C\  above  M. 
Osmond's  highest  point. 

Tbia  discrepancy  may,  however,  be  due  to  the  influence 
mass,  and  to  the  high  manganese  and  silicon  present  in  11761 
when  compared  with  209,  or  possibly  to  an  under-estimate  of  tb# 
chromium  present.     In  my  opinion  the  pieces  employed  by 
Osmond  are  far  too  smalL    Those  used  at  the  Sheffield  Techc 
School  are  of  a  standard  size,  6  inches  long  by  |  inch  diametJ 
recessed  |  inch  diameter  by  2J  inches  long  for  the  clay  lead-tul| 
and  ^  inch  diameter  by  i  inch  long  for  the  couple. 

The  results  have  been  obtained  on  the  lines  laid  down  by 
Osmond  and  Professor  Roberts-Austen,  by  means  of  that  adtni 
able  instrument  the  Le  Chatelier  pyrometer,  (To  the  publish 
writings  of  these  gentlemen  I  am  much  indebted  for  guidance  I 
this  matter,  and  again  take  an  opportunity  of  expressing  my 
viction  that  their  labours  have  given  to  steel  metallurgis 
means  of  observation  which  will  in  the  future  prove  invaluab 
in  all  researches  bearing  upon  the  fundamental  laws  which  gove 
the  complex  question  of  the  physics  of  steeh  At  the  same  time 
I  strongly  deprecate  the  theories  raised  upon  the  present  slender 
store  of  '^««"-a.)     My  installation  has  a  deflection  of  about  2A 
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milUmetres  for  1000**  C.  The  cold  junction  is  kept  at  zero  in 
ibol  jacketed  with  ice*  Tlie  furnace  is  of  special  design,  and 
if  necessary,  be  taken  up  to  steel-melting^  heat.  So  delicate 
is  the  whole  arrangement,  that  it  registers  distinct  falh  of  tem- 
perature at  the  carbon  change-point  on  heating  fairly  hard  steels. 
A  large  series  of  observations  have  already  been  plotted,  and 
Ibeoe,  correlated  with  microscopic  examinations^  have  yielded! 
ioiportant  evidence  concerning  the  critical  point  Ar.,.  Some 
light  has  also  been  thrown  upon  the  cause  of  the  point  Ar„.  I 
llope  to  publish  the  section  of  the  research  touching  these  points 
dariDg  ISl'^,  when  I  think  M.  Osmond  and  Professor  Eoberts- 
Aitsten  wiU  modify  their  views  concerning'  the  significance  of 
time  faint  evolutions  of  heat. 

Mr,  Hapfield,  in  reply  to  the  written  discussion,  desired  to 

tbank  Mr.   Paul   Kreuzpointner,  of  Altoona,  for   his   excellent 

'    ution  from  the  other  side  of  the  water.     To  call  forth  such 

;;i>*^U:rly  explanation  of  the  facts  noticed  in  the  testing  of  iron 

ateel  productions  as  is  o!fered  by  Mr.  Kreuzpointner  would 

a  reward  and  return  to  any  author  who  had  bestowed  time 

Usd  attention  in    the   preparation  of  his  paper,  with  a  hope  of 

diciting  information  of  value  during  the  discussion  which  might 

The  explanation  su^'gested,  thai  ''  where  the  matrix  is  harder 

steel,  there  seems  to  be  a  more  uniform  stretchin^^  all  over 

with  the  same  ultimate  strength,  and  total  or  even  greater  elonga- 

tioa"  19  probably  the   reason   why  manganese  steel   gives   such 

fiaonuous  elongations — 40  to  50  per  cent,,  with   50  to  60  tons 

ty. 

In  pointed   out    by    Mr*   Kreuzpointner,   the  importance  of 

obtiiiiiug   steel   free   from    foreign   matter   such   as   slag,  which 

iiBpedas  continuity  of  structure  (unlike   the    case  of   wrought 

where  the  presence  is  tolerated,  and  probably  to  some  extent 

f),  cannot  be  too  strongly  impressed  upon  producers  of  a 

ly  with  a  crystalline  structure  such  as  steel,  and  than  which 

is  DO  material  more  sensitive,  or  so  subject  to  molecular 

In    Mr.   Hadfield's  opinion,  the  superior  qualities  of 

le  steel  have  to  some  extent  arisen  out  of  their  freedom 

dtaiM^lved,  or^  if  one  may  use  the  term,  suspended  matter. 
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The  comparatively  long-continued  heating  or  refining  of  crucible 
steel,  under  conditions  specially  favouring  the  separation  of  such 
deleterious  matter,  permits  of  the  production  of  an  extremely  p 
product 

Mr.  Kreuzpointner  refers  to  chronuum  steel  being  used  in 
construction  of  the  St.  Louis  and  Illinois  bridges.  Mr.  Hadfi< 
had  always  understood  that,  though  the  statements  were  by  some 
means  circulated  that  such  steel  had  been  so  used,  they  were  iO^H 
correct,  and  that  the  material  actually  employed*  when  analysed,  diV 
not  show  even  traces  of  the  element  in  question.  If  chromium 
has  been  used  for  the  above  purpose,  it  would  be  very  interesting 
to  know  what  were  the  results  obtained  by  the  engineers  in  charge 
during  construction.  Did  the  tests  show  any  marked  superiority 
over  carefuUy-made  and  well-selected  carbon  steel  ? 

The  methods  adopted  in  the  laboratory  for  determining  exactly 
and  precisely  the  percentages  of  chromium  present  in  alloys  do 
not  seem  as  yet  absolutely  reliable.  The  author  had  obtained 
from  diffei-ent  reliable  sources  most  discrepant  results.  It  wa 
hoped,  therefore,  that  metallurgical  chemists  will  before  Ic 
remove  this  blot  from  their  practice.  It  was  impossible  to  advat 
surely  until  our  diemical  eyes  lead  us  aright, 

Mr,  Kreuzpointner  s  exceedingly  practical  remarks  on  the  ne 
sity  of  bringing  practical  observations  to  bear  in  selecting  a  sn 
able  steel  for  a  particular  purpose,  and  not  merely  or  entir 
depending  upon  test  results,  deserves  to  be  writ  large  in  the  noti 
books  of  users  of  steel.    As  he  rightly  says,  *'  Steel  cannot  be  for 
into  the  strait- jacket  of  a  mathematical  rule  and  formula.'* 

Mn  Kreuzpointner's  further  remarks  on  this  subject  are  full 
borne  out  by  the  author,  who  has  seen  small  armour- piercii( 
projectiles  with  quite  large  pipes  or  porosities,  discovered  oo 
after  the  firing  test,  successfully  penetrate  armour  having  a  thic 
uess  nearly  double  the  calibre  of  the  shell,  yet  for  other  classes  i 
work  such  steel  might  have  been  quite  useless. 

With  reference  to  his  concluding  remarks,  by  all  means 
us  have  an  ideal  in  steel-making,  just  as  the  painter  has  in  vis 
when  working  out  his  finest  productions.     Fnraday,  the  ide 
of  so  many  forward  movements,  of  which  we  are  to-day  reap 
the  benefits,  and  the  master-mind  of  a  past  generation,  did 
deem  the  study  of  steel  alloys  beneath  his  notice,  or  bene 
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his  ideal  mind.  NothiDg  can  b6  more  interesting  than  the  study 
and  report  that  he  made  on  his  early  experiments  in  this  direction. 
Y«,  as  Mr.  Kreuzpoiiitner  saysj  let  us  have  an  ideal  standard 
or  bftsig  to  proceed  from  in  determining  our  daily  needs* 

Mr.  Thwaite  has  been  good  enough  to  send  an  interesting 
oommonication,  and  it  is  hoped  his  remarks  on  the  question 
of  tlie  adoption  of  the  metric  system  will  be  taken  to  heart  by 
neoibers  of  this  Institute.  It  was  a  great  disappointment  to 
find  Sir  William  Harcourt,  as  Chancellor  of  the  Exchequer,  take 
recenilf ,  when  meeting  a  deputation  from  the  Decimal  Associa- 
tion>  so  little  interest  in  what  is  bound  before  long  to  prove  a 
iiill  more  important  trade  factor  in  this  country's  communications 
with  the  world  outside.  The  decimal  system  saves  time,  and 
ibere  never  was  an  era  in  which  it  would  be  more  true  to  say 
that  **Time  is  money  "  than  the  present. 

Professor  Arnold's  remarks  are  of  special  importance,  com  bin- 

iag  aa  they  do  the  expression  of  opinion  from  one  who  is  so  fully 

egg&petent  to  deal,  both  from  its  practical  and  its  scientific  side, 

wilh  the  considerations  advanced  for  discussion  in  this  paper. 

Tiim%  may  be  some  who  feel  hurt  when  met  by  directly  opposite 

it8»  advanced  in  good  faith,  but  to  the  author  it  seem.s 

;  iometimes  a  direct  negative  from  either  side  of  the  contro- 

Wfy  often  ends  in  the  *'  happy  mean,"     It  is  hoped  that  this 

will  be  80  in  the  points  referred  to  by  Professor  Arnold,  wliere 

diflMng  from  the  report  of  M.  Osmond. 

Professor  Arnold  asks  why  purer  materials  or  stock  were  not 
Mid  as  a  basis  for  the  melting  opemtious.  The  author  is  of 
^bdon  that  the  influence  of  impurities,  such  as  sulphur  and  phos- 
phoms,  within,  say,  -1  per  cent,  of  the  former  and  *06  per  cent, 
of  the  latter,  do  not  possess  tliat  influence  in  iron  alloys,  contain- 
ing high  percentages  of  a  particular  element,  which  is  commonly 
mpposed,  or  which  might  be  expected  from  experience  gained  in 
li*  manufacture  of  ordinary  carbon  steel. 
In  the  latter,  wlien  required  of  a  high-class  character,  the  ques- 
ii  a  very  different  one.  Without  doubt,  then,  let  the  sulphur 
IS  be  as  low  as  it  is  possible  to  get  Ihem,  but  in  the 
III'  1  ce  it  is  veiy  questionable  whether  the  results  would 

lit  greatly  different  if  the  sulphur  were  reduced  to  half  the  amount 
ietsaily  resulting  in  the  samples.     The  same  remark  applies  to 
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the  phosphorus,  which,  however^  in  the  specimeiis  under  examina* 

tion,  is  not  high,  but  within  ordinary  limits. 

Then,  again,  the  author  wished  to  use  exactly  the  same  stock 
as  that  taken  for  his  previous  experiments  on  silicon  and  aluminium 
steels,  already  described  to  the  Institute.  He  thinks  it  would 
have  been  a  mistake  to  make  changes  in  this  case«  bearing  in 
mind,  too,  the  opinions  expressed  in  the  preceding  paragraph. 

As  regards  the  difference  of  opinion  between  Professor  Arnold 
and  liimself,  as  to  the  fusibility  of  the  alloys,  the  author  could 
only  say  that  the  high  melting-point  of  rieli  ferro-chromium,  as 
determined  by  M.  Osmond,  proves  that  there  is  something  to  be 
said  for  his  view  o!  the  case.  There  is  no  doubt  much  in  the 
particular  method  of  carrying  out  the  melting  operations,  and  the 
author's  experience  may  have  been  special  in  this  case,  as  be 
willingly  admits  that  in  the  ordinary  production  of  chromium 
steel  by  his  firm  there  is  no  very  special  difficulty,  though  con- 
siderable heat  is  required  t^  melt  the  ferro-chromium  alloys  used. 

Again,  he  has  seen  rich  ferro-chromium  come  unmelted  out 
of  the  crucibles  used  in  the  experiments  detailed  in  the  paper. 
M.  Brustlein  has  also  pointed  out  that  chromium  steel  requires 
much  special  manipulation  to  ensure  satisfactory  results,  both  in 
the  melting  and  in  the  teaming. 

As  regards  the  loss  of  chromium  pointed  out  in  column  No*  9  of 
Table  L,  the  author  willingly  admits  that  some  special  note  might 
have  been  appended,  stating  that  the  loss  gi%'en  was  known  not  to 
be  entirely  one  resulting  from  oxidation.*  The  column  in  question 
(No.  9,  Table  L)  is,  however,  headed  as  being  only  approximate. 
In  some  instances  part  of  the  chromium  was,  as  before  named,  not 
melted.  This,  no  doubt,  arose  from  the  contents  of  the  crucible 
not  having  been  so  carefully  stirred  as  they  should  have  been. 
Thus  some  of  the  ferro-chromium  in  small  pieces  remained  in 
the  somewhat  viscid  slag.  This,  in  any  case*  would  only  concern 
one  or  two  of  the  specimens,  as  most  careful  analyses  have 
been  made,  both  from  the  original  ingots  cast  and  the  test  bara 
themselves,  and  in  each  case  where  any  discrepancy  was  noticed 
between  the  two  the  mean  results  were  taken. 

Professor  Arnold,  in  an  interesting  conversation  with  the  author 
on  this  subject,   has   called  attention  to   the   fact  that  in  his 

*  This  not«  Hm  Wn  ftpp€nded  to  Table  I. 


(Professor  Arnold's)  opinion  the  Galbraith  or  volumetric  method 
does  not  give  strictly  reliable  results,  and  that  he  considers  his 
own  special  method,  which  is  the  gravimetric  one,  more  prefer- 
able.     When  doctors  of  chemistry  disagree,  who  shall  decide  ? 

Mr.  Stead  has  kindly  determined  the  chromium  in  1176  J  for 
the  aathoT.  The  drillings  were  taken  from  exactly  the  same 
p08itioD  aa  were  those  used  for  the  determination  at  the  Hecla 
Workai     The  following  were  the  results  : — 


Sample  1176  J. 


|*t«fe»or'i  Arnold '«  renult 
Mr.  Stcfad'i  result 
EecU  Work*'  re«ult 


51)8  per  oenL  cbrozniuDL 


Another  result  at  Hecla  Works,  taken  from  the  same  melting, 
but  from  a  different  part  of  the  ingot,  gave  5'ii  per  cent. 

Probably  5*19  per  cent,  is  too  low,  in  view  of  the  second  determi- 
nilion  at  the  Hecla  Works,  hut  of  course,  it  is  quite  possible  the 
ingot  itself  varied  somewhat.  At  any  rate,  in  face  of  Mr.  Stead*a 
^ktermination,  5-98  would  seem  somewhat  liiglj.  Trying  to  take 
<la  impartial  view,  one  would  be  led  to  think  Mn  Stead's  result, 
iing  the  mean,  is  more  near  the  mark.  It  should,  however,  be 
itoted  that  the  latter's  determination  was,  like  that  of  the  Hecla 
Works,  done  volumetrically. 

Owing  to  the  differences  named,  the  author  suggests  that  here 
it  a  good  opportunity  for  an  interesting  paper  to  the  Iron  and 
Steel  Institute.  Claiming  no  pretensions  as  a  chemist,  lie  would 
AQeat  that,  with  such  discrepancies,  it  would  be  well  that  the 
^fifbg  opinions  should  be  thoroughly  thrashed  out  on  that  happy 
1nati3ig*ground  of  conHicting  advocates^— the  well-known  forum 
k  (Ueat  George  Street 

h  concluding  these  remarks,  it  may  be  added  that  the  author's 
fcm  has  made  many  hundreds  of  tons  of  chromium  steel  in  which 
•flcwacy  of  percentage  was  important,  and  the  results  of  which 
lite  been  checked  very  successfully  by  the  volumetric  method  of 
in.  Nevertheless,  if  the  method  is  really  unreliable,  the 
»«  it  ia  known  the  better  for  all  concerned. 
Il  may  also  be  mentioned  that  Professor  Arnold's  research 
A»"  which  does  not  materially  difier  from  *'1176  J"  as 
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legudB  analysis,  also  gives  mechanical  test  results  varying 
little  from  the  latter 

is  with  much  sottow  (I)  it  is  noticed,  that  the  alloys 
ribed  in  this  paper  are  spoken  of  by  Professor  Arnold  and  otben 

"as  *' chrome'  steels/'  The  author  has,  after  vainly  struijgling  against 
the  tendency  of  his  own  mitid  to  adopt  the  perhaps  more  euphonic 
term  "  chrome  steel,"  managed  finally  to  eliminate  numberless 
*'*s  in  his  and  the  printer's  proof,  arriving  at,  as  it  seems  to  him, 
the  more  correct  desi^jnation  of  '"  chromium  steeL"  To  have  his 
idol  thus  rudely  destroyed,  and  from  such  quarters,  is  more  than 
weak  flesh  and  blood  can  bear.  However,  he  humbly  bows  to 
the  designation  of  "  clirome  steel/'  though  in  his  own  mind  still 
clinging  to  the  idea  that "  chromitun  steel  "  is  really  more  oorrecL 
The  former  appellation  is  another  proof  of  the  wonderful  law  of 
evolution,  and  perhaps  "  a  survival  of  the  fittest**  The  element 
was  ori'^dually  known  in  France  as  "  chrome/*  and  the  Britisher, 
with  his  liking  for  American  condensation,  quietly  adopted  this 
un-English  designation.*  Nevertheless,  the  author  must  make 
one  last  protest,  as  there  is  no  such  element  as  "  chrome  **  knowo 
in  our  language,  and  we  should  never  think  of  speaking  of  **  silice " 
or  *'  alumine  "  steeh 

It  is  much  to  be  regretted  that  M,  Osmond,  owing  to  nvgentj 
in  closing  the  discussion  in  time  for  the  publisher,  has  not  i 
opportunity   here   of   replying    to    Professor   Arnold's   criticu 
The  latter  has  been  good  enough  to  send  on  to  Paris,  for 
Osuiond's  inspection,  his  micro  sections,  and  the  author  sug 
that  M.  Osmond  be  asked  to  give  a  further  paper  in  reply,  J 
there  is  ample  room  for  more  light  on  this  interesting  questia 
of  the  microscopical  structure  of  chromium  steel. 

Mr.  Stead  has  been  good  enough  to  give  his  experience.  The 
is  no  doubt  it  is,  as  he  says,  very  difficult  to  determine  the  exa 
influence  of  small  quantities  of  chromium. 

To  Mr.  W.  H,  White,  C.B.,  Director  of  Naval  Construct 
the  author  is  specially  indebted  for  a  vindication  of  the 
value  of  armour-piercing  projectiles  made  in  this  country 
under  an  English  system*     The  author,  in  fairness  to  his  of 
firm,  must  claim  that   they  have  successfully  worked  out 

•  Yet  to  ftmploy  the  word  **  biirMtt  **  hat  beeo  recently  coniidered  by  high  ] 
njctitary  *^  •!  to  be  undignified  and  unp»triotie!     "Where  are  we  AtT**  lli 

Jtmcri'^  lb  cxcdlently  «utna  tip  th*"  anonialont  Aituntion. 


CORBESrONDENCE — MPw  HADFIELD. 


r  difficult  problem — at  any  rate  as  regards  smaller  sizes — when  they 

I  accomplisbed  the  feat  of  supplying  a  projectile  for  the  6-inch 

[R  L.  gun*  which  twice  passed  uninjured  through  separate  0-inch 

\  oompound  plates,  as  well  as  from  the  numerous  supplies  accepted 

pihe  Government   after  passing  the  same  reception   tests   at 

ebiiryness  as  the  foreign  projectiles. 

They  have  also  improved  the  manufacture,  so  as  to  be  able  to 

ply  them  at  less  cost  than  those  of  French  nianufacture.     It  is, 

efore,  very  satisfactory,  amidst  some  difficulties  and  against 

•ome  odd8»  to  have  a  word  of  approbation  from  one  with  such 

I  wide  experience  of  war  material,  as  is  the  case  with  our  able 

Dmetor  of  Naval  Construction.      It  has  on  several  occasions  been 

tOQiewhat  mortifying  to  an  Englishman  who  desires  to  be  able  to 

I  ISpply  3Uiy  article  required  by  his  Government,  to  find  that  it 

liis  been  thought  necessaiy  to  order  armour-piercing  projectiles 

%wmj  from  home.    Mr.  White's  remarks  are  proof  that  there  is  now 

iQiBmnt  evidence  before  the  Government  to  render  this  latter 

Wtp  needles^L 

With  some  little  encouragement,  such  as  foreign  Governments 
Hem  to  more  readily  bestow,  English  manufacturers  can  produce 
whit  is  required — whether  guns,  armour-plates,  or  projectiles. 
Tl  i%  therefore,  a  special  satisfaction  to  find  this  encouragement 
^na  from  so  high  an  authority,  and  in  such  a  kindly  manner. 

Ai  regards  the  thin  shield  plates  referred  to  by  Mr,  White,  it 
■  qitiie  possible  that  chromium  steel  may  find  a  rival  in  man- 
PBtte  steel,  some  tests  of  which  have  given  exceedingly  good 
iMhe,  More  are  now  in  course  of  completion,  and  will  soon  be 
Milable,  as  a  comparison. 

In  concluding  his  answer  on  the  interesting  written  discus- 
lioQ,  the  author  would  venture  to  suggest  that  this  method  of 
wrying  on  discussion  has  many  advantages.     He  ventures  to 
think  the   several  contributions   will  be   found  of   considerable 
r 'ilue  to  those  interested  in  the  progressive  advance  of  the  appli- 
of  steel  alloys.      Many   who   would   perhaps  not  other- 
contribute  would  by  means  of  a  written  discussion  come 
The  more  widely  papers  can  be  discussed,  the  more  can 
I  objeeU  contemplated  by  the  authors  be  carried  to  a  successful 
ii|»letion.      He  returns  many  thanks  to  these  contributors,  and 
'  the  Attistance  so  cheerfully  rendered  by  different  helpers  dur- 
;  the  preparation  of  this  paper. 
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FAILURES  m  THE  NECKS  OF  CHILLED  IRON  ROLLS, 


By  CHARLES  A.  WINDKH.  M.  Inht.  liBCH.  K. 


DURiKG  the  last  thirty  years,  great  improvements  have  been  effected 

in  the  machinery  for  rolling  heavy  iron  and  steel  plates,  which 
has  reduced  the  cost  of  production,  and  enabled  us  to  compete 
successfully  with  foreign  makers,  where  the  labour  is  less  costly 
than  ours.     The  ponderous  gearing,  which  at  one  time  occupied 
ao  much  space,  and  was  a  source  of  great  expense,  has  given  way 
to  direct  driving.     Three  high  rolls  and  hydraulic  tables  have 
Jbeen  introduced ;  in  fact,  our  modern  rolling-mill  is  different  m 
^ery  way  to  that  of  the  past,  with  the  exception  of  the  chilled  irctfi 
rolls,  which  have  to  do  all  the  work.     These  seem  to  have  had  verj* 
little  attention  generally,  and  the  cause  of  any  failure  has  been 
put  down  to  inferior  material,  which  in  many  cases  may  be  true 
Steel  rolls  have  been  adopted  in  place  of  grey  iron  for  cci 
and  also  in  large  plate-mills,  where  finish  and  accuracy  are  nuL  -^ 
important  as  safety,  but,  where  a  good  face  and  accurate  gauge  is 
required,  chilled  iron  stands  firm  against  all  attempts  to  displace 
it.      It  is   not  my  intention,  however,  to    enter    here  into  the 
qualitications  of  tlie  material,  or  its  chemical  properties,  but  aa 
briefly  as  possible  to  consider  a  few  details  in  connection  with 
the  design  of  rolls,  and  to  set  before  you  certain  facts  that  ha^re 
come  under  my  notice  during  the  last  twenty  years  as  a  roll-maker. 
Having  had  the  privilege  of  inspecting  many  works  on  the 
Continent,  as  well  as  in  England,  Scotland,  and  Wales,  and  noting 
tlie  different  methods  employed  by  various  engineers  and  mill* 
owners  in  the  mannfactui^  of  iron  and  steel,  as  well  as  the  vario 
proportions  and  designs  of  the  chilled  iron  rolls  employed  in 
manufacture  of  plates  and  sheets  ;  having  noted,  also*  the  imme 
loss  incurred  in  breakages,  which  may  to  a  very  large  extent  be 
prevented,  it  occurred  to  me  that  a  few  words  upon  the  subject 
would  not  be  out  of  place  here,  and  might  provoke  a  discussion 
wh*  '    — 'lid  be  of  benefit  to  the  members  of  the  Institute. 


JkLmy  methods  have  been  tried  to  improve  the  working  quali- 
ties of  the  rolls,  and  there  is  still  very  much  to  be  accomplished ; 
but  the  only  real  improvement   that  has  yet   been  successfully 
carried  into  eflect  is  that  of  keeping  the  rolls  cool  by  a  copious 
supply  of  tepid  water,  without  which  it  would  be  impossible  to 
jffevent  disaster  owing  to  the  quick  succession  of  hot  blooms, 
which  is  nearly  equal  to  the  effect  of  a  furnace.      When  we  con- 
sider that  the  output  for  one  pair  of  rolls  was  formerly  only  about 
150  tons  per  week,  and  is  now  from  900  to  1000  tons,  it  is  obvious 
that  some  provision  must  be  made  to  accomplish  the  extra  work. 
Id  many  sheet-mills,  indeed,  there  are  no  means  whereby  the  tem- 
permture  may  be  kept  down  in  the  body  of  the  roU,  which  rises 
to  that  of  oxidation ;  but,  although  the  cooling  of  the  body  is  not 
tUempted.  a  good  supply  of  water  is  often  provided  to  keep  the 
Qfdcfl  fts  cool  as  possible,  so  that  the  lubricant  may  not  burn  off, 
Of  the  brasses  cut    The  consequence  is,  that  an  unerpml  expansion 
Idns  place  in  the  body  and  the  neck,  and  though  the  efifect  does 
mfc  thow  itself  at  once,  yet  a  weakening  process  has  been  set  up 
,  •Uch  will  eventually  shorten  the  life  of  the  rollj  for  a  failure  is 
ttttaan,  sooner  or  later,  to  take  place  if  not  provided  against  by  a 
^^r-.'^'it  design.     By  careful  consideration  the  temperature  of  the 
ay  be  gradually  reduced,  so  that  the  atoms  of  the  iron  at 
like  junction  of  the  body  and  the  neck  of  the  roll  are  not  subjected 
^^  disturbing  or  disorganisinj^  influence. 
Some  years  ago,  my  attention  was  drawn  to  certain  difficulties 
i  connection  with  the  chilled  rolls  used  in  the  tin-plate  trade  in 
Bth  Wales,  and  what  made  the  matter  difficult  to  solve  was 
^!ict  that,  while  most  of  our  friends  down  there  were  well  satis- 
with  the  rolls  in  every  way,  some  rolls  were  a  source  of 
ble.     Now  the  material  of  wliich  the  rolls  were  made  was 
icdl  in  each  case,  and  the  work  they  had  to  do  was  in  all 
\  the  same,  but  the  results  were  extremely  vaiiable.     Having 
ipieion  that  the  fault  lay  in  the  design,  drawings  were  pre- 
i  0f  all  rolls  sent  into  that  district,  which  showed  that  those 
eh  Were  satisfactory  were  different  in  design   to  those  that 
idttraog  their  work,  and  the  appearance  of  the  fracture  in 
roll  clearly  showed  the  temperature  of  the  neck  and 
loU  to  have  been  quite  different.     The  metal  of  the  body 
1  tomed  a  dark  blue  colour,  owing  to  oxidation,  and  the  frac* 
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ture  of  the  neck  had  remained  perfectly  bright,  having,  however, 
a  ragged  appearance,  the  metal  in  many  cases  hanging  away  from 
the  face  of  the  fracture  as  though  torn  away  by  great  force. 

Now  it  is  worthy  of  note  that  all  chilled  rolls  used  in  this 
branch  of  trade  for  hot  rolling  require  to  have  an  abnormally 
large  diameter  of  neck ;  for  instance,  a  roll  having  a  diameter  of 
19  inches  is  never  safe  unless  it  has  a  neck  of  14  inches  diameter; 
but  a  similar  roll  for  cold  rolling  is  perfectly  safe  with  a  neck 
having  a  diameter  of  only  12  inches — in  fact,  a  breakage  has  not 
at  any  time  been  reported  to  me ;  yet  the  pressure  upon  the 
bearings  is  considered  to  be  equal  in  both  cases,  so  that  the  only 
conclusion  one  can  draw  is,  that  the  weakness  has  been  caused 
in  the  hot  roll  by  the  unequal  expansion  of  the  body  and  the 
neck. 

A  very  interesting  visit  was  made  to  a  tin-plate  works  some 
time  ago,  where  the  rolls  were  certainly  designed  with  some 
degree  of  care  and  judgment,  as  shown  in  drawing  Xo.  1,  and, 
from  inquiries  made,  the  result  was  quite  equal  to  expectations. 
On  reference  to  the  drawing,  you  will  notice  that  the  necks  ore 
much  under  the  usual  proportion  for  tin-plate  hot  rolls,  and  the 
diameter  of  the  body  is  about  the  same ;  notwithstanding  which, 
broken  necks  are  almost  unknown  in  this  mill. 

About  the  same  time  similar  visits  were  made  to  other  tin* 
j)late  works,  where  the  rolls  were  made  as  shown  in  drawing 
Xo.  2,  and  much  valuable  ja'operty  was  found  lying  on  the  sc»p 
heap.  Now  had  these  rolls  all  been  made  by  some  inexperienced 
iroufounder,  it  might  not  have  been  so  significant,  but  an  exami- 
nation of  the  names  upon  the  tennons  showed  that  they  hid 
been  manufactured  by  vfirious  makers  who  have  the  reputaticsi 
for  doing  good  work. 

Other  visits  were  made  to  ironworks  in  a  different  district^  and 
the  same  results  were  shown,  but  in  a  much  larger  degree,  as  the 
rolls  were  some  six  or  seven  times  the  weight,  and,  as  in  the  case 
of  the  tin-plate  rolls,  the  fracture  was  precisely  the  same,  as 
shown  in  drawing'  No.  3,  and  indicated  by  the  red  line  a  b. 

Some  time  ago  a  report  was  given  in  one  of  the  iron  trade 
journals  of  a  bankruptcy  case,  near  Birmingham,  when  the 
bankrupt  stated  one  of  the  causes  of  his  failure  to  have  beca 
loss  by  broken  rolls,  and  gave  an  estimate  of  £2600  for  that 
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item.  Being  unaware  of  the  nature  of  the  breakages,  and  having 
had  notliiag  to  do  with  this  particular  house,  I  can  only  conclude 
that  there  must  have  been  want  of  care  somewhere. 

An  application  was  made  to  me  some  few  years  ago  to  supply 
jft  set  of  three  grain  rolls  for  cogging  down  lallets  for  wire  rods. 
It  was  pointed  out  by  my  friends  that  they  had  tried  many  roll- 
makers,  but  the  result  was  always  the  same,  and  the  neck  at  the 
leading  gate  end  always  came  ofi'  after  a  certain  period  of  work. 
It  is  not,  therefore,  surprising  that  a  similar  result  happened  in 
tay  own  case.     At  the  time,  the  actual  cause  appeared  to  be 
uifteGOuntable,  but  the  experience  that  has  been  gained  since 
thfo  convinces   me   that   the   failure   was   entirely   due    to   the 
unequal  expansion  of  the  neck  and  body,  for  the  leading  gate 
Wis  verj'  close  to  the  end  of  the  roll  (a  mistake  that  is  often 
nideX  thereby  causing  the  end  of  the  roll  to  be  greatly  heated 
near  the  junction  of  the  neck,  which  was  kept  cool  by  means  of 
t  copious  supply  of  cold  water. 

Another  interesting  case  occurred  about  the  same  time,  when 
the  diameter  of  the  necks  of  a   pair  of  chilled  rolls  were  re- 
duced to  save  power,  the  area  of  the  bearings  was  maintained, 
i&d  the  result  up  to  a  certain  time  was  so  satisfactory  that  the 
proprietor  of  the  mill  decided  to  adopt  the  smaller  necks  in  the 
lulure,  thinking  he  had  given  the  rolls  a  fair  trial  after  having 
niB  tiiem  about  a  month  or  five  weeks.     It  was  found,  however, 
tbil  wt*  had  iMicn  a  little  hasty  in  drawing  our  conclusions,  and 
WIT  plana  were  seriously  interrupted  by  the  necks  breaking  ofl'. 
^D  eiaminatiou,  the  fracture  displayed  a  dark  ring,  which  sub- 
(•leiocDt  experience  proved  to  be  the  result  of  an  unequal  ex- 
puilion  of  the  body  and  the  neck,  although  at  first  it  was  put 
f  <iown  to  a  faulty  casting,  having  that  appearance.     Had  it  been 
Ito,  however,  a   failure  would   have   taken   place    much    earlier. 
UTideotly  a  rupture  was  set  up  on  the  peripliery  of  the  neck, 
Isiid  by  frequent  heating  and  cooling  the  molecular  construction 
?*M  disturbed^  which  caused  the  fracture  to  travel  towards  the 
[ttnire, until  the  remaining  portion  became  too  small  to  resist  the 
[•wk  put  upon  it.     It  is  a  source  of  regret  that,  owing  to  the  death 
[flf  the  owner  of  the  mill,  the  new  design  was  never  tried, 

Omtinental  miil-owners   do  not  appear  to  suffer  from   the 
kxinte  of  roll  necks  so  much  as  some  of  our  mills  at  home,  but 


there  are  two  good  reasons  to  account  for  thut  fact.  The  first  i 
that  they  adopt  a  modified  design,  as  shown  in  drawing  No.  i 
— which  is  that  of  a  roll  belonging  to  a  French  house — and  in 
drawing  No.  5 — ^which  is  working  in  Belgium  ;  hut  the  difference 
uf  design  m  No,  4  is  not  sufficient  to  account  for  the  difference 
of  result.  It  may  be  that  we  in  England  throw  on  our  rolk 
much  more  work  tluiti  they  do  on  the  Continent.  This,  indeed, 
is  very  probable.  In  the  event  of  a  breakage  of  a  roll,  the 
radii  and  diameter  of  the  neck  are  often  looked  upon  as  the  iole 
cause  of  miscliief,  and  consequt^ntly  they  are  in  many  cases 
increased  to  meet  the  required  need.  Trouble  of  this  kind  hns 
been  overcome  by  these  means ;  but  it  appears  to  me  that  it 
is  a  very  unscientific  mode  of  procedure,  and  that  bringing  tlie 
neck  n|j  towards  the  diameter  of  the  body  is  assisting  to  bring 
about  another  evil,  and  conducting  tlie  Iieat  to  a  place  where  it 
is  not  wanted — the  longitudinal  cracks  upon  the  face  of  the  neck 
being  evidence  of  over-lieatiug :  it  also  considerably  increases 
the  friction,  particularly  if  tlie  neck  burns  off  the  lubricant. 
Larger  radii,  without  increasing  the  diameter  of  the  neck,  are  not 
so  serious,  as  it  approaches  the  design  of  drawing  No,  7,  and 
reduces  the  diameter  and  temperature  gradually,  thereby  allowing 
the  neck  to  be  kept  cool  witliout  the  fear  of  causing  a  move- 
ment of  the  molecules  of  the  iron  at  the  junction  of  the  neck 
and  body.  This  really  is  the  duty  performed  by  the  large  mdlL 
Although  it  is  by  some  used  only  as  an  extended  area  to  give 
greater  strength  to  resist  the  pressure  upon  the  neck  during  the 
time  the  rolls  are  at  work,  yet  it  appears  to  be  unnecessary,  and 
productive  only  of  evil.  Of  course,  in  estimating  the  breaking 
strains  of  the  rolls  as  shown  in  drawing  No.  6,  we  must  take  into 
consideration  the  torsional  strain,  and  the  resistance  offered  by 
the  steel  or  other  material  that  is  being  rolled  as  well ;  but  as 
there  are  no  data  in  my  possession  to  work  upon,  probably  the 
members  present,  many  of  whom  are  in  daily  contact  with  the 
work,  may  assist  me.  Very  much  of  course  depends  upon  the 
materialj  the  temperature,  and  the  draft ;  but  it  appears  to  me 
that  the  necessary  pressure  required  to  reduce  steel  at  the  heat 
at  which  it  is  usually  worked  is  much  below  that  of  the  break- 
ing strains  of  the  roll. 

1  drawing  No.  0  gives  the  behaviour  of  the  roll  during  work, 
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and  we  may  form  some  idea  of  the  strain  at  the  junction  of  the 
neck  and  the  body  by  the  difference  of  the  temperature  and 
dimensions  at  the  different  parts  of  the  roll,  which  have  been 
carefully  noted  by  means  of  a  micrometer.  The  tests  were  made 
immediately  after  the  roll  ceased  work  on  a  Saturday,  and  before 
commencing  work  on  Monday  morning. 

Many  more  interesting  cases  might  be  brought  forward,  but 
they  would  only  be  a  repetition  of  ihose  already  «:iven,  and  are 
as  well  known  to  many  gentlemen  liere  as  to  myself. 

Drawing  No.  7  is  a  design  for  a  chilled  plate  roll,  which  has 
been  reduced  at  the  end  of  the  ban-el,  so  that  the  temperature 
may  not  be  so  great  at  the  junction  of  tlie  neck  and  body,  the 
roll  having  comparatively  sniaU  radii;  it  has  also  a  set-off  at  the 
end  of  the  neck  to  which  the  tennon  is  attached,  so  that  the 
strain  in  cooling  in  the  sand  is  not  so  great  as  it  otherwise  wouhl 
be  when  the  two  parts  of  the  casting  are  so  disproportionate. 

Drawing  No,  8  shows  the  same  roll  under  conditions  which 
are  a  fair  sample  of  many  otiiers. 

Before  closing  my  paper,  and  in  order  to  substantiate  my 
views  upon  this  question,  let  me  ask  you  to  consider  that  the 
failure  of  tlie  necks  of  chilled  plate  rolls  often  takes  place  after 
a  considerable  period  of  working,  though  sometimes  they  occur 
soon  after  being  put  to  work;  bnt  as  the  failures  in  thuse  eases 
are  attributable  to  some  specific  cause  other  than  that  which  we 
have  before  ns,  we  must  leave  them  out  of  our  ctiusideration. 
Taking  t!ie  larger  number  of  rolls  M-hich  have  worked  two, 
three,  or  more  months,  the  fact  that  they  have  worked  so  long 
sufficiently  proves  tliat  they  are  strong  enough  to  resist  the 
stmins  prit  upon  them  in  the  process  of  rolling,  so  long  as  the 
molecular  construction  of  the  metal  at  the  junction  of  the  neck 
and  body  is  not  disturbed ;  but  at  every  heating  and  cooling,  and 
also  during  the  time  they  are  iit  tension,  as  is  tlie  case  in  an 
unequal  expansion,  every  vibratiun  of  the  mill  is  assisting, 
though  in  a  very  slight  degiee,  to  cause  a  rupture  which  must 
eventually  end  in  the  fiiibire  of  the  roll  neck  and  in  serious  loss 
to  all  concerned. 
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DISCUSSIOK 

The  Prestdekt,  in  invitiDg  remarks  on  Mr.  Winder's  paperi 
said  he  lhou£;lit  that  most  of  the  members  would  agree  with^ 
the  coiiclusious  coiitaiued  in  its  last  paragraph. 


Mr,  A*  E.  Tucker  said  that  having  been  connected  for  some 
years  with  the  chemistry  and  use  of  chilled  rolls,  he  would  like  to 
make  some  few  remarks  on  the  paper.  It  appeared  to  him  that  roll- 
makers  and  roll-users  did  not  attach  sufHeient  importance  to  the 
physical  condition  of  the  structure  they  were  dealing  with.  He 
thought  that  a  remark  in  the  preceding  paper,  somewhat  altered, 
might  be  applied  to  chilled  rods.  They  might  imagine  a  chilled 
roll  to  he  a  strocture  in  which  the  molecules  were  in  a  state 
of  intense  strain,  often  relieved,  in  the  case  of  a  deep  chdl, 
by  the  material  almost  spontaneously  rupturing  itself.  If  they 
regarded  a  chilled  roll  in  its  true  light,  they  would  regard  it  as 
an  almost  glassy  substance,  surrounding  a  material  more  or  less 
elastic,  the  actually  chilled  part  of  the  roll  being  a  material  in  a 
state  of  unstable  equilibrium,  which  required  a  very  slight  cause 
to  effect  an  incipient  crack,  the  latter  soon  developing  into  a 
complete  fracture. 

We  might  also  obtain  some  instruction  from  the  remarks  made 
on  Mr.  JIadfield's  paper.  Professor  Roberts- Austen  showed  that 
the  structure  of  iron  produced  at  one  temperature  was  probably 
different  from  that  produced  at  anotherj  so  that  we  had  a  result 
of  abstract  science  bearing  closely  on  practical  results — the  point 
being  that,  from  scientific  deductions,  independently  of  practical 
considerations,  much  attention  should  be  paid  to  the  heat  at  which 
a  roll  ia  cast.  The  physical  characters  of  the  metalloids  contained 
in  the  material  were  very  difierent  when  the  metal  was  cast  hot 
to  what  they  were  when  it  was  cast  cooler.  It  was  within  his 
experience  that  a  roll  had  stood  the  enormous  strain  put  upon  it 
by  the  roller  accidentally  allowing  a  ^uide-plate,  and  in  another 
case  a  tongs,  to  pass  between  the  rolls  when  ihey  were  screwed 
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down^  and  not  breaking  the  rolls,  but  being  flattened  to  a  thin 
section ;  whereas  in  rolling  hot,  and  therefore  soft,  iron,  in  their 
oidiDary  use  they  broke.  Such  facts  must  point  to  a  gradually 
mcreasing  molecular  or  physical  defect — ^probably  developed  or 
mmg  in  the  casUngj  and  before  leaviog  the  maker's  hands, 
JLlhey  bore  in  mind  the  treatment  to  which  rolls  were  some- 
^is  subjected  before  leavin|Gj  the  foundry,  he  thought  they 
'^todd  have  cause  to  attribute  some  failure  to  defective  treatment 
IQ  their  early  history.  In  ordinary  everyday  practice,  rolls 
were  taken  out  of  the  sand  in  a  condition  in  which  the  interior 
aui5t  be  more  or  less  plastie^at  all  events,  at  a  very  elevated 
llpemture.  They  were  run  out,  perhaps  into  a  yard,  and  exposed 
lie  rain ;  they  might  be  put  either  on  to  a  very  dry  or  a  very 
[surface,  each  condition  being  quite  siifiicient  to  establish  a 
bt  of  that  physical  uniformity  which  was,  in  his  opinion,  so 
ntiai  to  the  good  life  of  a  chilled  roll.  Then  a^ain,  follow  the 
m  of  the  runner  at  the  bottom  of  the  casting  :  if  it  be  of  large 
ponal  area,  it  is  smaller  than  the  sectional  area  of  the  neck : 
berefore  cools  sooner,  and  being  attached  to  a  mass  of  iron 
Hill  in  the  process  of  setting  or  freezing,  pulls  at  it  and  often 
Clicks  the  thin  skin  of  iron  actually  set ;  and  thus-  we  have 
toother  cause  for  rods  so  frequently  breaking  in  the  neck,  and 
flii  m  that  place  where,  from  mechanical  considerations,  they 

t under  ordinary  conditionSj  least  likely  to  break. 
r«  Jerkmtah  Head  said  that,  having  in  the  past  been  a  large 
of  chilled  rolls,  he  was  very  glad  to  hear  the  subject  intro- 
d,  because  he  was  quite  sure  that  a  discussion  upon  it  could 
Dw  iail  to  he  of  utility.     He  could  quite  confirm  what  the  author 
'  '     M  as  to  the  terrible  losses  which  occurred  to  the  users  of 
rolls  from  frequent  1  breakages,  and  also  as  to  the  fact  that 
likm  breakages  often  occurred  under  circumstances  which  could 
•ot  be  explained  at  the  time.     The  author  had  perhaps  hit  on 
<wie  cause  when  he  spoke  of  the  desirability  of  not  making  too 
great  a  diflerence  in  diameter  between  the  necks  and  the  bodies 
^the  rolls.      Any  experienced  engineer  would  know  that  it  was 
B^ble  that  the  gradations  from  the  body  of  the  roll  up  to  the 
^\Mtx  end  should  be  as  gradual  as  possible,  that  there  should 
^\  be  anv  sudden  changes,  and  that  the  corners  should  be  well 
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rounded  off,  so  that  there  should  not  be  any  sharp  Eicka  to  ten 
R  breakage.  Of  course,  the  first  thing  which  a  user 
rolls  Bpeciiied  aud  desired  was  that  there  should  he  a  chU]  of 
something  like  five-eighths  to  three-fourths  deep  equally  all 
round,  aud  that  the  hody  of  the  roll  should  he  free  from  pin* 
huleSp  That  was  the  first  thing  which  the  maker  should  hear  in 
mind ;  for  unless  those  conditions  were  fulfilled,  no  matter  wbat 
the  enduring  power  of  the  roll  mij^ht  be,  it  was  of  no  use.  He 
had  known  a  roll  break  in  which  nothing  remarkable  could 
seen  in  the  fractured  section  except  a  small  pin*hole,  which 
been  stopped  up  by  a  plug.  This  seemed  to  have  been 
starting-point  of  the  breakage.  It  should  also  be  remem 
that  the  rolls  were  gradually  turned  down  until,  say,  fiire-eighths 
deep  of  the  chiU  was  turned  down  to  one-eiglitb,  or  until  some 
part  of  it  came  to  the  soft  iron.  The  condition  of  the  roll  wh\ 
it  was  new,  and  when  it  was  cast  aside,  were  in  that  way 
siderably  altered.  If,  when  it  was  new,  the  molecules  were  in 
state  of  equilibrium*  or  whatever  ilie  state  of  tension  might 
it  was  clear  that  they  might  be  materially  diirerent  when 
roll  lost  its  chilled  sheathing.  With  such  cbanj4es  in  molecuii 
balance,  it  was  not  to  be  wondered  at  if  it  stood  very  well 
first  and  afterwards  broke.  In  the  casting  of  rolls  the  autbi 
had  laid  some  stress  on  leaving  a  sutHcient  head  at  the  top  ei 
ol  the  mould.  He  believed  that  that  was  a  very  important  poini 
also  that,  whatever  the  ultimate  form  of  the  roll,  the  castii 
should  be  made  conical  where  one  diameter  merged  into  auotb 
and  that  all  sharp  corners  should  be  avoided,  otherwise  the  sci 
or  scoria?  would  be  apt  to  rest  in  the  mould  at  the  comers. 
was  no  doubt  that  care  in  these  respects  was  very  necessai 
He  had  noticed  that,  when  rolls  broke  at  the  neck,  it  was  alwa; 
at  the  end  corresponding  with  the  top  of  the  casting,  and  nevi 
at  the  bottom.  The  air  spaces  or  blow-holes  wliich  were  seen 
ingots  when  they  were  cut  in  two  veitically,  were  always  fo 
mainly  at  the  top  end,  It  was  the  same  in  chilled  rolls, 
that  difhculty  could  only  be  overcome  by  casting  on  a  sufficiei 
head.     He  thought  that  they  very  often  failed  to  get  at  the 


cause  of  the  breakage  of  rolls.      Tlie  last  speaker  had  hinted  I 
tongs  and  other  improper  things  being  occasionally  passed  throu^ 
the  rolb      ^'i  Iiis  own  experience,  difficulties  of  chat  sort 
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Often  occurred,  and  had  been  the  cause  of  breakages.  The  men 
in  charge  naturally  conceuled  any  circumstances  tending  to  incul- 
pate themselves,  and  when  a  breakage  happened  during  the  night 
shift,  it  was  usually  nobody's  fault*  AVJiatever  tlie  real  causes 
might  be,  he  did  not  think  they  were  yet  fully  nuderstood  A 
paper  on  the  subject  was  therefore  very  opportunCj  and  any 
discussion  on  it  was  likely  to  be  of  great  use. 


» 


Mr,  Charles  Wood  said  it  would  be  in  the  minds  of  a  good 
many  members  that  at  the  Spring  Meeting  a  paper  was  read  by 
Mr,  Gruson  on  the  subject  of  chUled  castiog,  and  some  verj 
good  remarks  were  made  on  that  subject,  and  also  on  the  ques- 
tion of  chilled  rolls.  Neither  the  author  of  the  present  paper, 
nor  any  one  who  had  spoken  upon  it,  had  mentioned  what 
quality  of  iron,  and  what  amonnt  of  silicon  or  carbon,  was  most 
useful  for  putting  into  the  rolls.  In  his  opinion,  the  question  of 
the  quality  of  the  iron  put  into  the  rolls  had  more  to  do  with 
their  breakage  than  almost  anything  else.  If  they  had  not  the 
required  quality,  it  was  certain  that  the  rolls  would  break  as  fast 
as  they  were  put  io. 

Many  years  ago  he  had  to  cast  a  roll,  not  in  this  country,  and 
he  would  not  say  where.  It  was  cast  direct  from  the  blast 
furnace,  and  was  excet^dingly  good  iron.  It  was  cast  up  on  end, 
and  with  iron  highly  charged  with  carbon.  It  was  only  a  small 
roll,  but,  when  it  was  taken  out  of  the  mould,  the  whole  of 
the  top  neck  and  all  the  git  were  found  to  be  almost  entirely 
graphitic  carbon*  The  iron  was  almost  minus,  and  the  neck 
actually  dropped  ofil  That  showed  in  a  most  remarkable  way 
tliat  it  was  very  important  to  know  in  what  position  rolls  were 
best  cast,  viz.,  whether  horizontally  or  vertically,  and  what 
quality  of  iron  was  necessary  to  be  put  into  them.  It  was  quite 
certain  that  it  should  not  be  iron  that  ran  direct  from  the  blast 
furnace :  it  should  be  iron  which  was  perfectly  selected,  of 
different  qualities;  and  what  they  wanted  to  know  was  what 
those  qualities  were,  and  the  analysis  of  them.  Ke  thought 
that  if  they  had  that  they  would  very  likely  strike  at  one  very 
important  point  as  to  the  breakage  of  the  rolls.  At  the  same 
time  it  did  not  take  much  of  a  mechanic  to  understand  that  if 
the  neck  of  a  roll  is  not  strong  enout^h,  they  ou^ht  to  make  them 
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latge  enough  ta  stand  the  straiiii  and  this  seemed  to  be  the  ch 
point  of  the  author's  paper. 

Mr.  R.  Marttn  (Swansea)  said  that  he  had  had  some  experi- 
ence of  rolls  breaking  at  the  neck.  He  did  not  know  the 
chemical  analysis  of  the  rolls,  and  he  had  never  ;^one  into  tlie 
question  of  the  mixture  used  in  making  them.  Different  quali- 
ties of  rolls  were  made  by  different  makers,  but  they  had  had 
trouble  with  rolls  from  the  same  maker,  and  of  the  same  desiim. 
It  might  Ije  interesting  to  the  members  to  know  that  at  one  time 
his  firm  were  plagued  with  a  number  of  breakages  of  rolls  nt  tks 
nrrk,  and  they  found  the  fault  to  be,  not  in  tiie  roll  itself,  but  iii 
the  turning.  If  the  roll  were  not  accurately  turned,  or  accurattJy 
rounded  at  the  ends,  it  acted  like  an  eccentric ;  and  it  was  not 
surprising  that,  after  a  little  wurk,  the  roll  wenL  That  was  their 
experience.  They  had  eleven  rolls  broken  in  a  fortnight,  and  m 
their  opinion  it  was  due  entirely  to  their  not  being  accurately 
turned.  That  might  help  to  explain  one  case  that  had  been 
ujeutioned — of  a  works  having  tried  the  same  kind  of  rolls,  and 
having  had  no  breakages.  They  might  have  had  a  good  roll* 
turner,  and  he  nn;_;ht  have  always  turned  the  rolls  exactly  roi 
(.)u  the  other  hand,  the  roll-turner  might  have  a  substitute  wl 
did  not  know  how  to  turn  the  rolls  round,  and  there  might 
breakages  arising  from  that  cause  which  perhaps  had  been  souj 
for  elsewhere. 


Mr.  George  Bk,\rd  said  that  lie  had  probably  had  more  exp 
ence  in  the  use  of  sheet- iron   rolls   than   any  member  pre 
He  conld  only  speak  as  to  his  own  practical  experience.     Ah 
forty-five  years  ago,  he  was  standing  by  some  rolls,  where 
father  was  rolling,  at  the  Gospel  Oak  Iron%vorks  in  South  Staffoi 
ghire.     As  nearly  as  he  could  remember,  they  were  using  at  i 
time  rolls  18  inches  in  diameter,  with  necks  of  about  12  inch 
diameter.      His  father  was  finishing  off  some  very  light  sheets  i 
practically  no  pressure  whatever  on  the  roll,  and  as  the  sheets  rollflij 
out  at  his  feet,  the  outside  neck  of  the  bottom  roll  bowled  out  no 
lessly,  the  fracture  being  conical  in  shape.     There  was  noth 
in  the  fracture  to  show  why  it  should  bowl  out  in  that 
Occasionally,  but  only  occasionally,  during  a  long  practice, 
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had  seen  the  same  result  without  anything  to  indicate  the  cause 
of  it.  There  was,  in  the  case  he  had  mentioned,  more  shoulder 
io  the  neck  than  in  one  of  the  drawings  shown  by  Mr,  Winder, 
in  which  the  angle  of  the  shoulder  was  very  acute;  and  lie  should 
not  be  surprised,  therefore,  at  a  neck  of  tliat  description  breaking 
off  at  any  moment, 

Eefei'ence  had  been  made  by  the  last  speaker  to  rolls  being 
out  of  the  round.  lo  his  experience  that  did  not  arise  from  the 
fact  that  the  bodies  were  out  of  the  round,  but  from  llie  fact  that 
tlie  wobbles  at  the  end  of  the  neck  were  not  centred  properly. 
The  roll-turner,  in  order  to  divide  equally  the  chill  upon  tbe  sur- 
face of  the  roll,  centred  his  wobbles  to  suit  the  chill ;  and  in  doing 
that  they  found,  when  the  rolls  were  finished,  that  the  wobbles 
were  not  centred  with  the  body  of  the  roll.  Hence  it  acted  like 
a  cam,  tbe  rolls  behi;jj  carried  np  and  down,  especially  when  the 
bo.xes  got  tight,  and  worn  or  locked,  oftentimes  carrying  the  neck 
and  breaking/  it  off.  In  drawing  Xo.  3  there  was  a  fracture 
from  the  neck  across  into  the  body.  In  the  whole  of  bis  expe- 
riencef  he  had  not  seen  a  fracture  of  that  kind  take  place,  except 
in  a  roll  cast  with  hard  metal,  and  with  a  deep  chill.  It  had 
never  occurred  in  his  experience  when  the  chill  had  been  from  ^ 
to  J  inch  deep.  He  therefore  attributed  the  fracture  to  the  fact 
that  the  metal  was  too  hard,  and  the  roll  consequently  chilled 
too  deep. 

Too  much  importance  could  not  be  attached  to  the  remarks 
made  by  Professor  Iloberts- Austen,  who  had  given  some  drawings 
upon  the  board.  It  was  well  for  the  trade  that  chemists  had 
thought  it  wise  to  come  to  their  assistance.  He  was  quite 
sure  that  there  was  a  great  lield  for  research  in  the  direction 
of  the  strength  of  metals  at  various  heats.  When  that  was 
thoroughly  understood,  he  thought  many  of  their  ditticulties 
would  be  easy  to  understand.  He  remembered  that  many  years 
ago,  at  the  Weardale  Iron  Company's  works  in  Durham,  there 
was  a  very  extraordinary  mill  in  operation.  The  rolls  were 
S  feet  in  diameter  and  ti  feet  Ion*/,  with  necks  only  17  inches 
diameter.  There  was  a  core  cast  through  the  centre  of  the  rolls, 
12  inches  diameter,  reduced  to  4^  inches  diameter  through  the 
neck  and  tbe  wobbles.  The  necks,  although  exceptionally  small 
for  tbe  diameter  of  rollj  stood  the  work  remarkably  well     The 
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operation  or  the  roll  was  Tery  different  from  anything  in  tise  ifi 
the  pi^sent  tima     Itrstead  of  the  iron  being  passed   backwardi 
and  forwards  through  the  rutls,  or  taken  over  and  under,  it  vtu 
thrown,  by  means  of  travelling  tables^  from  one  pair  to  the  other 
(two  pairs  of  rolls  of  the  same  si^  beiug  used),  and  it  kept  going 
round  the  circle  from  roll  to  roll  until  the  operation  of  rollmg 
the  plat©  was  complete.      The  process  was  a  very  difficult  oue, 
and  it  was  ultimately  abandoned  ;  but  it  led  to  an  alteration  of  the 
mdJ,  and  the  adoption   of   26-inch  plate-rolls,    with    necks   17 
inches  diameter — ^the  same  diameter  as  previously  used  for  the 
36-inch  diameter  rolls,  with  a  core  cast  tlirough  the  rolls,  siniilir 
to  the  rolls  which  were  adopted  in  the  larger  roll      He  found 
this  extraordinary  feature  in  the  working  of  the  rolls — for  he 
was    rolling  at  the  time — that   in   raising  the    temperature  or 
heat    of    the    rolls,    if    the    temperature    was    raised    too  fast, 
instead    of    the    rolls   breaking   off   at    the   neck    or  tlirougfi 
the  body,  large  pieces  of  the  chill  would  Hy  out  to  the  deplh 
of   the  chUl,      In  every  case  where   they  had  a  breakage  fro© 
rolls    cast    in    that    particular  manner,    the    breakage  under  s 
forced  temperature  was   of  the  manner  described.      That,  ^iu, 
showed  tliat  there  was  a  necessity  for  understanding  the  radial 
of  heat,  which  appeared  to  be  very  imperfectly  understood  at 
present  time.     The  depths  of  the  cliili  was  a  very  im; 
featuer  with  reganl  to  the  life  of  rolls.     In  practice  he  had 
found  chills  of  |  inch  deep  reliable.    As  a  general  rule,  it  was 
rarely  that  they  would  work,  under  ordinary  working  rules,  imirt 
than  a  month  at  a  time  :  sometimes  they  would  go  on  langeii 
but  ultimattily  the  break  came. 

He  remembered  another  very  extraordinary  case,  with  regarf 
to  rolls,  in  South  Stallbrdshire,     It  was  the  breaking  of 
twelve  or  fourtL-en   rolls  tn  succession,  all   through  the 
after  working  from  about    three    to    fourteen  days  each, 
chills  were  shallow,  aud  of  the  ordinary  workable  depth, 
was  nothiog  in  the  Iracture  of  tlie  rolls  to  indicate  any  spedd 
cause    for  the    breakage.      The    real    cause    of    the    breakagi-' 
of    those    rolls  was    a    mystery   at  the  time.     Members 
know   that  there    were    two    classes  of  pig  iron    made  in 
South.     At  the  saoie  furnaces  from  which  they  obtained  the 
selected  irot*  for  rolls  there  was  also  what  was  known  as  si 
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nge  iron,  similar  in  fracture.  Tlie  difference  between  those  two, 
of  course,  was  better  understood  by  experts  in  the  manufacture 
of  pig  iron  tban  by  himself:  but  he  found  that  the  whole  of  those 
rolls  which  broke  in  that  way  had  been  made  from  strong  forge 
iron,  and  not  from  the  best  selected.  Hence  the  presence  of  a 
large  percentage  of  sulphur,  which  was  no  doubt  the  direct  cause 
of  the  breakage  of  those  rolls.  He  huped  the  few  experiences 
to  which  he  had  referred  would  V>e  some  inducement  for  a  con- 
tinuation of  the  discussioUj  because  he  was  quite  sure,  having 
regard  to  the  number  of  rolls  that  were  annually  broken,  there 
was  a  wide  tield  for  scientific  research*  At  the  same  time,  as 
was  mentioned  by  Sir  James  Kitson  on  the  previous  evening, 
not  only  the  jdate-rollers,  but  sheet-rollers  and  tin-plate  rollers, 
were  practically  working,  in  these  times  of  protitless  trading,  for 
the  beuetit  of  the  public,  and  not  in  their  own  interest ;  and  it 
wuuld  be  a  verj  great  boon  to  the  trade  if  something  could  be 
done  that  would  reduce  the  cost  of  those  very  expensive  articles, 
which  were  daily  used,  and  which  were  essential  to  the  carrying 
on  of  their  manufactures* 


I 


Mr.  Willi \M  Molineaux  said  that  he  had  been  waiting  to 
hear  something  new  in  regard  to  the  breaking  of  chilled  rolls^ 
but  so  far  he  Imd  heard  nothing  of  the  kind.  After  an  experi- 
ence of  raore  than  fifty  years  in  turning,  and  in  using  chilled  rolls, 
he  found  that  they  were  practically  where  they  were  fifty  years 
ago.  He  well  recollected  at  Bisliop  Wearmouth  Ironworks  they 
often  could  not  get  the  chilled  rolls  to  stand  for  a  week  together. 
They  sometimes  broke  in  two  or  three  days,  and  for  some  three 
months  rolls  could  not  be  got  that  would  do  the  work  of  rolling 
thin  sheets.  A  foundry  of  very  high  reputation  supplied  these 
rolls,  and  during  the  last  three  years  he  had  had  rolls  from  the 
same  foundry »  and  had  found  the  same  thing*  He  was  surprised 
to  find  tljat  the  author  of  the  paper  had  confined  himself  to  the 
necks  of  chilled  rolls.  It  might  be  that  in  plate-rolls  that  was 
iften  the  case,  but,  according  to  his  experience,  where  one  neck 
was  broken  of!',  there  were  certainly  a  dozen  or  twenty  that  broke 
through  the  bc^dy.  He  thought  that  the  quality  of  the  iron 
had  as  much  to  do  with  it  as  the  fault  of  the  users,  wlio  were  still, 
however,  much  in  ignorance  of  the  subject. 
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After  filty  years*  experience,  iliere  was  a  great  deal  to  be 
learned,  and  it  would  be  well  that  both  makers  and  users  shouU 
j^ve  the  matter  their  special  attention. 

In  England,  aa  in  America,  they  were  still  at  fault  with 
respect  to  the  making  and  using  of  chilled  rolls.  Theories  had 
been  set  up  as  to  tlie  unevenness  of  turning,  as  to  the  depth  u£ 
the  chill,  and  as  to  the  rolls  being  cast  hollow.  Tbey  were  cast 
hollow  fifty  years  ago*  Fonr  or  five  years  ai:o  a  gentleman  had 
come  to  hirn  and  said  thai  he  hail  paid  special  attention  to  the 
matter^  and  that  being  confident  he  had  got  the  right  idea,  lid 
taken  out  provisional  protection*  It  was  to  cast  the  roll  with* 
hole  two  inches  in  diameter  througli  the  centre,  and  then  to  ruii 
warm  water  through  it.  He  told  the  gentleman  that  the  rolls 
were  cast  hollow  fifty  years  ago,  and  the  only  addition  was  in 
ruiuiing  the  warm  M^ater  through  them.  He  said,  however,  tliEt 
he  was  willing  14^  try  a  roll  made  in  that  way,  and  he  did  so, 
and  it  broke  in  three  days.  He  thought  that  the  matter  wa? 
one  which  should  receive  the  best  attention  of  the  Institute. 

Mr.  T.  TuKNEH  (Birmingham)  said  that  Mr.  Wood  and  ootI 
speakers  had   referred  to  the  circumstance  that  a  little  mm 
information  was  required  with  regard  to  the  suitable  compositioB 
of  cast  iron  for  the  mauufacture  of  rolls. 

Several  papers  had  been  read  before  the  Institute  in  Germany 
and  elsewhere  on  tlie  subject,  but,  as  far  as  lie  had  noticed,  tbef . 
did  not  give  the  information  most  desired.  Tlie  composition  of 
cast  iron  for  roll- making  was  generally  regarded  as  somewhat  of 
a  secret,  but  he  did  not  think  he  should  be  giving  anything  away 
in  tellini;  the  members  what  they  could  find  out  for  themselve* 
by  simple  analysis. 

With  regard  to  the  quantity  of  carbon  in  iroix  for  making 
chilled  rolls,  it  was  generally  considered  that  the  proportion  of 
carbon  shouid  be  as  high  as  possible,  because,  with  a  hi^h 
centage  of  carbon,  they  generally  had  a  very  good  qualii 
cast  iron — one  that  had  possibly  been  made  by  the  cold 
or  at  all  events  by  a  slow-working  furnace  which  gave  a 
quality  of  iron  for  the  purpose.  The  most  important  constiti 
to  be  '  i,  however,  were  the  combined  carbon,  sul 

BMf*  i  iic  proportion  of  silicon  in  good  rolls  was  ui 
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about  0'8o  per  ueiit.,  varyiug  somewhat  according  to  the  size  of 
the  roll  and  the  depth  of  the  chili  required*  The  amount  of 
sulphur  in  a  good  roll  was  about  0*07  per  ceut.  It  should  never 
exceed  0'15  per  cent.,  or  the  combiued  carbon  would  bi^  too 
high,  and  then  the  roO  became  brittle,  and  fracture  resultt=ii 
The  amount  of  combined  carbon  taken  in  the  unchilled  part  of 
the  roll  should  not  exceed,  or  only  very  slightly  exceed,  1  per 
cent.  Abuut  O^G  was  a  good  percentage  of  combined  carbon. 
With  regard  to  phosphorus,  there  was  a  little  difference  of  opinion 
among  niakergi.  Personally,  he  liked  a  little  phosphorus,  because 
htj  believed  it  gave  strength  to  the  iron ;  but  if  tiiere  was  nincli 
phosphorus  where  the  roll  had  to  stand  a  considerable  amount 
of  shock,  it  broke  across  the  barrid  part.  Tlie  amount  of  phos- 
phorus should  not  be  more  than  0 1>  per  cent,  at  the  outside. 
Many  makers  prefen'ed  about  one-third  of  that  quantity.  With 
no  phosphorus,  the  results  were  certainly  not  so  good.  The 
amount  of  maoganese  present  could  be  varied  to  some  extent 
wnthont  injury  to  the  product.  Upon  that  subject  he  had  not 
so  much  definite  information ;  but  within  a  few  tenths  per  cent 
it  made  comparatively  little  difleieuce.  Anything  above  one  per 
cent  of  manganese  was  bad  for  iion  that  required  considerable 
strength.  Of  course,  these  figures  would  vary  somewhat,  one 
element  varying  a  little  as  the  other  elements  varied,  and  the 
whole  varying  according  to  the  depth  of  chill  and  size  of  the 
roll.  That  was  a  general  indication,  and  possibly  some  other 
speakers  would  give  their  experieucej  for  he  knew  there  were 
gentlemen  present  who  had  had  considerable  experience  as  to  the 
composition  of  chilled  rolls,  if  they  only  cared  to  speak  out. 


Mr.  Chakles  Winder,  in  reply,  said  he  had  auticipated  that  the 
chemical  question  would  be  brought  forward,  and  although  it 
was  a  distinct  investigation,  he  had  taken  it  into  consideration. 
He  had  been  engaged  in  it  nearly  twenty  years,  he  had  spent 
a  considerable  amount  of  time  and  money  over  it,  and  all 
failures  had  been  carefully  investigated  analytically.  The  facts 
which  had  been  taken  into  consideration  had  reference  to  the 
same  quality  of  iron.  He  had  carefully  avoided  discussing  any- 
thing in  connection  with  the  varieties  of  iron  employed  in  the 
manufacture  of  chilled   rolls,  because  it  w^as  too  large  a  subject 
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to  be  treated  in  his  paper,  his  object  being  only  to  giv< 
results  in  rolls  made  of  the  same  quality  of  iron. 

A  remark  had  been  made  with  regard  to  No,  10  roll,  whkh 
roll  was  working  in  a  Staffordshire  mill  at  the  present  time,  iu  the 
game  house  as  No.  1,  only  No.  1  was  used  for  hot  rolling,  and  the 
Other  for  cold  rolling.  He  had  already  remarked  that  at  this 
place  they  hardly  knew  what  broken  roll  necks  were,  com- 
]>aririg  it  with  some  others^  which  had  very  large  radii  and  no 
redi)ction  at  the  ends  of  the  body,  that  were  cotistantly  failing. 
He  thought  that  the  whole  question  was  summed  up  in  this— if 
a  hot  roll  had  a  blunt  end,  or.  in  other  words,  was  not  reduc 
at  all  towards  the  neck,  and  the  neck  was  out  of  proportion  wi< 
the  body,  the  result  was  bound  to  be  a  failure*  On  the  other 
hand,  with  a  cold  roll  it  did  not  matter  so  much,  owing  to 
simple  fact  that  there  was  comparatively  no  ditterence  in 
expansion  between  the  neck  and  the  barrel.  That  was 
the  one  point  that  he  wanted  to  bring  forward.  He  thou.g 
that  it  had  been  conclusively  proved  that  the  failure  was  can 
by  a  greater  expansion  of  the  body  than  of  the  neck,  and  by  I 
simple  reduction  at  the  end  of  the  body  it  could  be  overcon 
The  only  objection  was  timt  the  standards  would  ha%^e  to 
set  a  little  fartlier  apart. 

IJefereiice  had  been  made  by  one  gentleman   to  the   mattfll 
of  necks  breaking  by  bad  mounting.     He  concluded  from 
speaker's    remarks    that    such    necks    were    evidently    fixed 
standards  which   were  not  secure.     He  had  often  noticed  tlia| 
so  that  wlien  eacli  plate  went  through   the  rolls,  the  standftTi 
jumped  fairly  out  of  plumb.     They  could  not  expect  the  necl 
to  stand  under  such  circumstances-     Probably  they  were  castin^i 
which  had  never  been  machined  at  all.     Those  cases  must  be  le 
out  of  present  consideration. 

Tlie  fault  in  mnny  cases,  as  lie  had  remarked  in  the  paper, 
caused  by  carelessness,  but  when  they  had  such  direct  evident 

there  was  before  them  with  regard  to  the  design,  he  could  onl^ 
come  to  one  conclusion. 


Mr.  Charles^  Wood  said  the  author  had  remarked  that 
obtained  his  iron  from  on'C  place,  and  always  one  quality.     Ire 
Iways  selected  at  furnaces  by  fracture,  and  not  by  analysis 
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le  years  ago  he  read  a  paper  in  which  he  proved  clearly 

r  there  was  constantly  a  great  variation  in  the  iron,  showing  the 

fr;acture  even  when  made  from  the  same  furnaces  with  the 

le  treatment.     This  variation,  due  to  the  difference  between 

be  silicon  and  the  combined  carbon,  was  quite  sufficient  to  make 

iron  very  rotten  or  very  tougli,  as  the  case  may  be.     There- 

if  the  rolls  were  made,  as  the  author  stated,  from  iron  made 

one  place  and  always  of  the  same  quality,  it  quite  accounted 

[>m0  rolls  standinix  so  much  better  than  others. 


T.  Winder  said  that  Mr.  Wood  had  misunderstood  him  in 
to  getting  iron  from  the  same  fun»ace.  He  used  several 
ifiods  in  the  mixture,  which  were  constantly  heing  changed,  as 
libs  quality  varied,  and  every  brand  was  subjected  to  careful 
Iiitl7sis«  He  kept  a  chemist  at  his  works  doing  nothing  else, 
iiety  brand  being  analysed ;  and  all  scrap  which  was  used  after 
Win^  run  down  through  the  furnace  into  pig  was  also  subjected 
to  Uie  same  investigation  before  it  was  use^l  in  the  roll  In 
^tiie  present  instance,  he  had  made  careful  analyses,  and  had  paid 
to  all   other   points  which  were   liable   to   lead  him 


he  PRESIDEXT  said  he  thought  Mr,  Winder  should  be  con* 
upon  having  produced  a  valuable  paper,  which  had 
i  useful  discussion. 
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THE  UNIVERSITY  COLLEGE  WALKER  ENGINEERING 

LABORATOKIES  AND  THE  SCHEiiE  OP 

ENGINEERING  INSTRUCTION. 


By  H    S    MKLK  SHAW 
(Ha&iuson  Pitorieasoii  of  Ekgineciuku,  ITNivut^rrr  Colleqs.  Livsitpooi}. 


TuK  following  brief  paper,  which  has  been  prepared  in  response  to 
a  oommunicatiou  from  the  secretary  of  your  Institvition,  is  divided 
into  the  two  parts  indicated  by  the  above  title — the  former 
being  a  description  of  the  builJing  and  equipment  which  will 
be  inspected  by  members  to-morrow  morning,  and  the  latter 
a  detailed  account  of  the  nature  of  the  technical  instructiou  in 
engineering,  which  forms  one  branch  of  work  in  the  University 
College  of  LiverpooL 

(L)  The  Walker  Engineering  Laboratories. 

The  above  building,  which  was  erected  and  equipped  at  tie 
expense  of  a  Liverpool  citizen,  Sir  Andrew  B.  Walker,  Bart^ 
was  opened  three  yeai^s  ago  to  take  the  place  of  the  temporaij 
premises  which  had  been  used  during  the  preceding  four  yeiifl 
of  the  establishment  of  engineering  teacliing  in  the  coU^ 
From  the  general  view  shown  in  the  first  diagram,  the  labo- 
ratories are  seen  to  consist  of  a  building  of  three  storeys,  l<» 
which  is  attached  another  building  of  one  storey,  the  latter  Wnl 
the  wood- working  department,  the  structure,  in  common  with  afl 
new  college  buildings,  being  of  grey  brick  and  red  terra  cottt, 
The  frontage  (w^hich  is  on  Brownlow  Hill)  is  continuous  ^iti 
that  of  the  new  Victoria  buildings  of  the  college,  the  whole 
extending  a  distance  of  400  feet.  The  latter  building',  qttit« 
recently  erected  for  the  better  accommodation  of  the  art  portion  of 
the  college,  consists— in  addition  to  numerous  class  and  lecture 
rooms,  professors*  and  students'  rooms,  offices,  &c — of  a  ^^ 
lecture  theatre  to  seat  700  persons,  the  Tait  Library,  an<l  ^^ 
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^ubilee  Clock  Tower,  the  inaugural  ceremony  taking  place  a  few 
reeks  hence. 

The  Walker  engineering  lahoratories  are  entered  from  the 
Md  through  a  fine  arch  of  Xorman  character,  in  terra  cotta  work, 
rhich  serves  to  join  the  laboratories  to  the  new  Victoria  build- 
ng.  The  visitor  enters  tlie  vestibule  (A),  shown  upon  diagram 
So,  2,  which  is  a  plan  of  the  ground  tloor  of  the  building,  at  the 
ioot  of  a  few  steps  leading  to  the  main  entrance  of  the  hall  (B), 
(he  vestibale  being  separated  from  it  by  means  of  a  screen  of 
folding  doors.  Crranite  columns  support  arches  through  which 
tie  visitor  p&sses  into  the  hali,  which  is  spacious,  the  walls 
htviog  a  dado  of  faience  work  with  mosaic  tloor,  and  in  wliich 
ilAiids  a  full  length  marble  statue  of  ILR*H»  the  late  Duke  of 
AlbtDy^  by  Count  Oleichen. 

To  the  right  is  a  balcony  (C)  looking  over  the  main  laboratory, 
rttd  arranged  so  that  visitors  can  see  the  work  going  on  without 
ing  the  department.     To  the  right  of  the  passage  in  front  is 
I  door  (D)  leading  to  the  resident  caretaker's  rooms,  and  on 
ilefk  is  the  cloak-room  (E)  and  dressing-room  of  the  students, 
Ikb  is  sufficiently  lofty  for  an  iron  gallery  running  round  it, 
[which  are  lockers  for  overalls  and   workshop  aprons.     Be- 
iiug  a  few  steps,  there  is  immediately  in  front  the  wood- 
Bg  department  (F),  which  can  be  shut  off  from  the  main 
iing  by  a  fireproof  door;  while  to  the  right  there  is  a  side- 
(G),  through    which    the   main  laboratory   and   workshop 
be  entered.     This  department,  which  can  also  be  entered 
the  vestibule  by  a  door  (H),  is  70  feet  long  by  60  feet  wide 
I  22  feet  high,  and  is  lined  with  ivory-white  glazed  brick  with 
Da  dado. 

the  plan  of  the  arrangement  shown  in  the  diagram,  it 
seen    that   llie   laboratory    (K),   containing   the   various 
iig  machines  and  experimental  apparatus,  is  now  partitioned 
om  workshop  (L)  by  a  screen.     The  former  contains  a  100- 
Buckton  single-lever  testing  macliine  with  alternative  centres, 
4«crib€d  last  year  in  a  paper  by  the  author  before  the  Institution 
leehanical   Engineers,'"''    which    has    proved   to    be   at   once 
aely  convenient  and  satisfactory,  both  for  the  instruction  of 
Qts  and  for  commercial  testing.     In  addition  to  the  large 
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Qachine,  there  are  various  smaller  testiog  machines,  for  cement 
and  other  materials^  and  other  pieces  of  experimeotal  apparatus. 
The  diagram  shows  the  general  arrangement  of  the  workshop,  whi|^ 
is  well  equipped  with  the  usual  workshop  tools  and  appliandH 
and  haSj  in  addition,  a  Westinghouse  air-compressor,  a  Wor thing- 
ton  pump,  and  other  macliines  for  experimental  purposes. 

The   power  for  driving   the   tools  and   working  the    tes 
machine  is  derived  from  a  40-h.p,  Kobey  vertical  engine. 
will  be  seen  at  work  the  new  American  chain-making  maclij 
which    has    been    sent    over    from   America    specially   for 
meeting,  a  complete  description  of  which  might  have  formed  the 
subject  of  a  separate  paper  before  the  Institute.     As  the  Ibt  of 
papers  was,  however,  already  made  up  for  the  meeting  before  the 
idea  of  doing  this  occurred  to  the  author,  he  has  prepared  a  descrip- 
tion of  the  process,  which,  together  with  a  copy  o!  a  paper 
at  tlm  recent  meeting  of  the  British  Association  on  the 
parative  tests  of  the  new  form  of  chain  made  by  the  machine, 
are  available  for  distribution  amongst  the  members  who  intend 
to  visit  the  laboratories  to-morrow.     The  experimental  engine,  of 
150  iJi.p.,  of  the  triple  expansion  marine  type  (also,  with  its  boilH 
fully  described  and  illustrated  in  the  paper  previously  alliieWP 
to),  stands  near  the  Robey  engine,  and  is  fitted  with  every  appli- 
tince  for  the  instruction  of  students.     Passing  out  of  the  main 
workshop  by  a  door  near  the  experimental  engine,  the  boiler-bouse 
13  reached,  where  is  the  experimental  boiler  of  marine   type,  the 
workshop  boiler  of  locomotive  type,  and  a  forge  anvil,  moulding 
bench,  small  melting  furnace,  and  other  appliances. 

The  wood-working  department  contains  thirteen  benches, 
accommodation  for  twenty-five  students,  and  there  are  ten 
besides  machines  for  preparing  work,  such  as  a  circular  saw, 
saw%  hand-planiug  machine,  &c.,  the   machinery  being  actuaUsd 
by  an  8  h.p.  Fawcett  gas-engine. 

Passing  out  of  the  wood-working  department  and  across 
hall,  the  staircase  leads  to  the  first  floor  (see  Diagram  3),  reai 
first  the   museum,  the  original   emptiness  of  which  is 
being  changed,  thanks  to  the  kindness  of  several  engineers 
of  former  students,  whose  occasiuoal  gifts  of  models  and  speciun 

of  the  utmost  value  and  importance.     It  may  not  be  out  of 
^laee  to  remark  that  it  is  not  only  models  that  are  of  intrinsic 
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Tslue,  and  often  very  costly,  which  are  acceptable,  but  examples 
(jf  corrosion  or  fracture,  or  of  the  effects  of  wear  and  friction, 
and  specimens  of  new  engineering  or  building  material.  In 
ihe  must^um  are  arranged  several  models  which  have  been  kindly"! 
knt  by  the  owners  for  the  occasion  of  the  visit  of  your  Institu- 
tion, and  are  referred  to  on  a  separate  printed  slip. 

The  lecture  hall,  which  may  be  entered  from  the  museum, 
cofiUwiiis  128  separate  desks,  with  teak  tops,  for  students,  though 
18  large  an  audience  as  250  has  been  accommodated  on  rare  occa- 
ti/m.  The  lecture  table  is  very  completely  fitted  up,  not  only 
with  the  ordinary  gas  and  water  appliances,  but  with  lijdraulic 
itU^hmenLs  to  the  experi mental  water  tank  iu  the  Jubilee  Clock 
Tow«r,  fittings  to  the  air  compressor,  and  electric  attachments 
to  the  dynamo,  and  has  a  small  glass  tank  for  exhibiting  the 
tfecta  of  buoyancy,  stability,  &c.  There  are  also  complete 
lusCeni  and  blackboard  arrangements,  The  lighting,  warming,  - 
lod  acoustic  properties  have  all  proved  very  satisfactory,  and  the 
worn  is  a  most  pleasant  one,  at  any  rate  for  the  professor,  a  feeling 
^hich  he  charitably  hopes  is  shared  by  the  students,  though  he 
<loes  commit  himself  to  the  latter  as  an  expression  of  opinion. 

Adjoining  the  lecture  hall  is  the  apparatus  room,  where  lecture 
mode]*  and  appliances  are  kept,  and  next  to  this  is  what  was 
originally  intended  to  be  a  class-room,  but  which  has  recently 
km  fitted  up  with  benches,  lathes,  and  a  milling  machine,  as  an 
expmaiental  workshop,  by  means  of  a  donation  of  £200  kindly 
Siieo  by  E,  K,  Muspratt,  Esq.,  Vice-Chairman  of  the  College 
Cwmdl.  Adjoining  this  is  the  professors  private  room,  con- 
BeeM  with  which  is  the  office,  which  forms  a  convenient  ante- 
v^m.  At  the  end  of  the  passage  is  a  circular  iron  staircase, 
^bidi  gives  a  ready  and  convenient  means  of  access  to  and  from 
tie  Oittin  laboratory. 

Passing  down  the  passage  (which  goes  under  the  raised  slope 
rf  the  end  tiers  of  seats  in  the  lecture  hall),  the  raoseum  is 
9ffm  reached,  and  thence,  by  the  stairs,  the  Mezzanine  floor. 
frnm  which  the  upper  tier  of  seats  in  the  lecture  hall  is  attained, 
fMi  the  landing  of  which  latter,  the  museum  can  be  overlooked 
Anh  m  balcony.  On  the  Mezzanine  floor,  and  over  the  office 
lid  pufisage,  is  the  diagram  room,  where  wall  lecture  diagrams 
ire  prepared  and  stored* 
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Ascending  still  further^  the  toii  floor  is  reached  (see  Diag 
4),  and   the  passage  to  the  right  leads  to   the    drawing  Lmt, 
which  occupies  the  'whole  width  of  the  building.     This  hall  i|^ 
well   lighted    irora  the  uorth»  east,  and  west,   while    at    nig 
arrangements    have    been    made    for    both   gas    and    electricitj 
There  are  between  forty  and  fifty  drawing  tables,  each  of  which 
a  separate   electric  light.     Adjoining  the  drawing  ball    is   the 
lecturers    room,   and   beyond    the    private   room   of  the  other 
engineering  assistant,  tlie  otlier  rooms  on  the  floor  being 
rooms. 

Above  til  is  lloor  is  constructed  a  photographic  room 
dark  room,  which  form  an  institution  of  the  greatest  importance, 
not  only  for  copying  engineering  drawings,  for  which  the  space 
on  the  roof  is  reqiiiaitioned.but  for  preparing  lecture  lantern  slides, 
which  save  a  vast  amount  of  tlie  time  previously  expended 
preparation  of  lecture  diagrams. 

The  foregoing  description  does  not  attempt  to  deal  witfi 
architectural  and   constructive   features,  of  which  the  meml 
will  obtain  a  better  idea  by  actual  inspection  j  but  it  may 
mentioned  that  the   position   of    the  laboratories,  directly  of 
the  main  line  of  the  London  and  North-Western  Railway  Compaii 
between  Lime  Street  and  Edge  Hill,  and  the  peculiar  nature 
the  ground,  involved  great  dithculty  and  expense  in  the  matter! 
foundations,  and  on  this  account  there  are  a  suflicient  number  i 
girders  buried  there  to  give  the  building  an  interest  in  the  ej 
of  the   Iron  and   Steel  Institute,  from  what  might  be  called  I 
cemetery  point  of  view. 

(2.)  The  Scheme  of  Engineering  Instructiok. 

The  author  has  less  hesitation  in  dealing  with  this  ponioa  i 
the  subject  than  he  would  have  were  it  not  for  the  expressioi 
of  opinion  by  various  practical  engineers  in  the  discussion  of  i 
paper  read  by  him  before  the  Liverpool  Engineering  Society! 
year  ago.     This  paper,  entitled  "  The  Ed  ideation  of  an  Engineer^ 
was  somewhat  general  in  its  nature,  and  it  was  clear  that  fur 
details  concerning  the  precise  nature  of  the  subjects  of  instractii 
in  a  modern  school  of  enj^'ineering  would  have  been  weloomd^ 
which  was,  of  course,  a  thing  so  contrary  to  his  usual  experience, 
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atajqr  mte  in  dealing  with  the  engiueers  of  the  futtire,  as  never  to 
Ian  occurred  to  him*  It  seems,  however,  to  be  felt  by  many  that 
fiioogh,  and  perhaps  too  much,  bus  been  said  during  recent  years 
eoQcemiug  teciinical  education  generally ;  and  it  may  be  a  valu- 
ing to  take  advantage  of  an  occasion  such  as  the  present, 
,...L  the  opinion  of  practical  men  upon  the  actual  details  of  a 
!K:heme  of  instruction  in  one  of  the  numerous  colleges  which  include 
s  detiartment  of  engineering  as  a  branch  of  their  work.  It  may 
k  at  once  remarked  that  a  good  deal  of  wliat  follows  may  be 
I^Mid  by  an  industrious  perusal  of  the  separate  engineering  pro- 
ipectus  of  the  college ;  but,  without  any  imputation  on  the  range 
uf  reading  by  members  of  the  Institute,  it  may  be  inferred  that 
kw  of  them  have  ever  seen  or  heard  of  that  publication. 

The  object  then  of  the  department  is  to  provide  instruction  for 
ihoce  intending  to  become  engineers,  or  to  enter  any  of  the  allied 
professions,  and  to  supplement  the  ordinary  training  by  systematic 
tichnioal  teaching.  Such  training,  it  is  clearly  stated,  *'must 
only  be  regarded  as  preliminary  to,  or  supplementary  of.  a  pupilage 
ander  some  engineer^  or  course  of  apprenticeship  with  some 
tt|!i»ering  firm/'  In  short,  it  is  the  object  of  the  college  to  i 
wtJrV  in  co-operation  with  both  the  engineer  or  engineering  firm 
who  receive  students  after  their  college  training,  and  the  school- 
omter.  Complete  courses  of  instruction  (including  mathematics, 
jijvicSv  4^d  chemistry)  are  provided  in 

(1)  Civil  engineering, 

(2)  Mechanical  engineering, 

(3)  Electrical  engineering. 

la  view  of  the  above  quotation,  it  will  be  understood   that 
(itmng  the  first  year  or  two  the  three  courses  differ  very  little 
fc»m  each  other,  and  the  object  in  view  is  to  secure  a  sound 
^vtinin^  ratber  than  an  extensive  acquaintance  with  the  facts  of 
c&giiieeniig.     The  importance  of  this  in  dealing  with  lads  of 
^UUctQ  or  aeventeen  years  of  age,  of  which  an  increasing  number 
come  every  year  to  the  college,  cannot  be  over-estimated,  especially 
ttaany  axe  destined  to  become  shipowners  and  manufacturers. 
lit  utmexed  time  table  for  the  first  year  stands,  in  fact,  for  all 
dvM  above  coursea,  with  the  simple  addition  of  a  course  on  survey- 
ing for  the  civil  engineering  students  during  the  summer  months. 


Prju^tlcftl  Phyild  (1)  P,  {ii  P,  and  (S>  P  Kte  •Itemmtlv'e. 

With  regard  to  civil  engineering,  the  course  is  intendud  to 
meet  the  generally  acknowledged  want  of  a  preparatory  trainiiv^ 
for  one  or  two  years  b€fore  the  usual  entry  as  articled  pupil  into 
an  office.  Pupils  are  frequently  articled  to  a  civil  engineer  for 
the  comparatively  short  term  of  three  years,  and  this  scbemfi 
possesses  the  advantage  of  utilising  the  interval  between  leaving 
school  and  entering  an  office.  The  co-operation  of  civil  engineers 
in  the  neighbourhood  is  invited,  and  almost  invariably  is  heartily 
accorded,  so  that  the  time  spent  at  the  college  is  recognised  hj 
them  in  receiving  pupils.  Such  pupils,  after  passing  throuj»ii  a 
satisfactory  course  at  the  college,  are  received  on  more  favourable 
ternjs  than  otherwise.  When  a  longer  term  of  pupilage  than  diree 
years  is  entered  upon,  a  clause  is  often  allowed  by  them  in  the 
articles  euabling  the  pupil  to  attend  advanced  or  special  day 
tares  at  the  college  during  the  first  or  second  years  of  pupiki 

The  course  of  civil  engineering  extends  over  two  years,  ihP 
details  of  the  lectures  and  cla.sses  for  the  second  year  being 
given  in  the  time-tables  (p.  9).  Special  arrangements  are  idsM 
for  students  who  remain  for  a  third  year. 

With  regard  to  mechanical  engineering,  although  each  y 
course   is    arranged    to  extend   over  the  whole    academic  vi 
jet  the  scheme  is  specially  prepared  so  as  to  enable  students 
^ enter  engin«A^ng  workshops  in  the  neighbourhood    daring 
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aix  summer  months.  This  system  has  now  had  several  years* 
trial,  both  in  Liverpool  and  at  one  or  two  other  colleges,  and  the 
results  have  proved  in  general  highly  satisfactory.  The  number 
of  engineers  ready  to  accept  pupils  on  these  terms  is  increasing, 
and  the  greater  proportion  of  students  in  mechanical  engineering 
take  advantage  of  the  arrangement,  coming  back  as  a  rule  for  the 
following  winter  session  much  more  satisfactory  material  from 
the  professorial  point  of  view.  Students  who  have  passed  throogh 
a  three  years*  course  in  this  way  are  eligible  to  compete  for  the 
Wliitworth  scholarsliips  and  exhibitions,  and  though  any  men- 
tion of  tlie  college  scholarships  would  be  out  of  place  here,  the 
knowledge  concerning  the  details  of  this  magnificent  endowment 
is  not  80  widespread  as  to  make  the  following  facts  superfluous. 

There  are  each  year  four  scholarships  of  £1 25  per  aunum,  tenable 
for  three  years;  ten  £100  exhibitions,  and  twenty  £50  exhibi- 
tions, tenable  for  one  year.  They  are  open  for  competition  to  all 
Her  Majesty's  subjects  under  the  following  conditions : — The 
candidate  must  be  under  twenty-six  years  of  age  on  the  1st 
of  May ;  he  must  have  been  engaged  in  the  workshop  of  a 
mechanical  engineer  for  at  least  three  years,  and  have  been  at 
work  at  the  vice  and  lathe,  or  the  forge,  or  the  bench,  for  at  least 
six  consecutive  months  in  each  of  those  years.  He  must  have 
spent  at  least  twelve  months  at  the  vice  and  lathe,  not  less  tl^an 
three  months  having  been  spent  at  the  vice,  and  three  at  the  lathe. 

The  competition  will  be  in  the  following  subjects  of  the 
Science  and  Art  Department  Examinations : — 


Practical  geometry. 
Machine  drawing. 
Building  consti-nction. 
Kaval  architecture. 
Mathematics* 
Theoretical  Dieehanics. 
Applied  mechanics. 


Soimd,  light,  and  heat 

Magnetism  and  electricity. 

Inorganic  chemistry. 

Metallurgy* 

Steam. 

Fi^ehand  drawing. 


The  candidate  may  select  as  few  or  as  many  of  the  above 
subjects  as  he  pleases,  except  that  machine  drawing,  building 
construction,  and  naval  architecture,  are  alternative,  and  that  no 
candidate  can  obtain  a  scholarship  who  has  not  passed  in  the 
advanced  stage,  or  '*  honours,**  of  practical  geometry,  and  in  the 
second  or  third  stage,  or  the  "honours**  of  those  stages  of 
mathematics;  and  he  must  have  obtained  a  first  class   in  the 
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elemeutary  stage,  or  passed  in  the  advanced  ctage,  or  "  honoors  ^ 
of  theoretical  mechanics^  and  he  must  have  passed  in  the  second 
grade  of  frefihaud  drawing. 

No  candidate  can  obtain  a  acholarship  who  has  not  attamed 
suHicieiit  handicraft  power*  If  thought  necessary  by  the  Depart- 
ment, thiB  may  be  tested  by  requiring  him  to  make  two  Whit- 
wonh  screw  bolts,  1  inch  in  diameter,  and  4  inches  to  6  inches  | 
lnn)^%  with  hexaj,'onftl  heads  and  nuts,  alike  within  *0<Jl  inck 

Further  paiticulars  are  to  be  found  in  the  Whitworth  prospectus,  | 
price  3d.»  to  l>e  obtained  from  Uie  Secretary,  Science  and  Artj 
Department,  South  Kensington,  S.W. 

The  time  table  of  the  civil  and  mechanical  engineeriiig  conm  j 
for  the  second  year  is  practically  the  same,  and  is  as  follows: — 

Civil  and  Mbchakical  KKoiXEsajica. 


SCCOHB   YEAH. 

1.80  1030  U30       1230    10    1 30_a.0_ 

LitJMTratijiy  (lljdii  Witrluhop). 

SurveyiiMr- 


80 


to 


AppU«d 

Widne»d<ift\   Mathis> 

I  AppUed 
Thur*da^ ,     Miitlie- 


Saturdi$tf  • 


Pnre 
Mmtlte- 
nuiUca, 

AppUed 
MnUie- 


Engiiieerltiip. 


Lwlniininrj.    (Trttillg ) 


EsSMrimental  Workftlitip.       Iiniwtnf  And  Dealgtu 
Pliyiiiciil 


Phjrsic*, 


Lab«inik«i7, 


nirnilitr;. 


Main  Wtirkih,opi, 


I 


Surreyinc, 


Ijibor«ti»ry,     KAtt^miuakJii;. 


'     PhTBlcAl 
lAbonitatT. 


i.^hemittij. 


En^netiTiiis. 


The  scheme  of  electrical  eniiiueering  is  worked  conjointly 
with  the  physical  department,  and  the  time  table  approved  by 
the  Senate,  as  given  below,  will  be  found  to  correspond  closely 
with  the  coursea,  in  civil  and  mechanical  engiueerinir,  apecisl 
instruction  being  provided  in  the  subject  of  electro-technics. 
It  is  stated  in  the  prospectus  that  "  in  this,  as  in  other  bnmdiei 
of  engineering,  college  teaching  can  only  supplement,  but  mast 
not  displace,  the  training  upon  actual  engineering  worki 


It  will,  however,  be  seen  that  iii  both  cases  the  funher  si 
of  nmthematics  and  physics,  in  addition  to  the  more  technic 
sul»jects»  is  recommeoded ;  and  for  the  purpose  of  Becuriiig  tk^ 
university  degree  on  engineering,  or  the  foil  college  engines 
certificate,  these  courses  umst  be  taken. 

The  subject  of  university  degrees  for  engineering  studentaj 
me  concerning  which  there  are  very  divided  opinions  amoD 
engineers,  and  it  may  be  at  once  remarked  that  only  a 
small  proportion  of  the  engineering  students  of  the  college 
culate  as  students  of  the  Victoria  University,  of  which 
Chester,  Leeds,  and  Liverpool  form  the  three  colleges,  pass 
general  preliminary  exatnination  of  the  University,  and  sit 
the  final  examination  for  the  degree  of  Bachelor  of  Science, 
the  same  time,  all,  or  nearly  all»  the  otlier  students  who 
the  course  of  three  years,  and  are  at  liberty  to  choose  their  i 
subjects,  practically  pass  through  the  course  of  instruction  ne 
sary  for  a  university  degree,  and  the  proportion  of  those 
|do  take  a  degree  is  increasing.     The  attendance  actually  ne 
ary  for  an  Honours  degree  in  engineering  at  Victoria  Univer 
as  follows : — 1.   Engineering,   for  three  hours  weekly  dufi 
be  first  year,  and  four  hours  during  the  second  and  third,  togeti 
rith  seven  hours  weekly  of  practical  work,     2.  Pure  mathemal 
ind  applied  mathematics  each  for  three  hours  weekly  during  i 
^f\nt  tv  \nd  either  pure  or  applied  during  the  third  yi 
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3,  Chemistry,  two  hours  weekly  for  one  year.  4,  Physics  or 
geology,  three  hours  weekly  for  one  year, 

So  much  for  the  arrauj^'emeat  of  lectures,  classes,  and  practical 
work  in  the  different  siihjects.  A  brief  accoaiit  will  now  be 
given  of  the  details  of  the  syllabus  of  the  engineering  teaching, 
that  is  to  say,  of  the  actual  technical  instruction. 

From  the  time  tables  it  will  be  seen  that  the  time  allotted  to 
lectures  and  classes  is  for  each  subject  about  three  hours  weekly, 
one  hour  being  the  invariable  duration  of  a  class  or  lecture,  the 
exceptions  being  the  problem  class,  one  hour,  and  the  senior 
physics,  two  hours.  Concerning  tlie  workshop  and  laboratories 
more  will  be  said  hereafter,  but  it  may  be  remarked  that  a  student 
does  not  necessarily  work  all  the  hours  which  the  time  table 
shows  to  be  available^  since  a  certain  elasticity  is  necessary  in 
the  arrangement  to  allow  for  attendance  at  extra  classes,  such 
as  modern  languages. 

The  total  time  which  a  student  taking  a  regular  course  is 
expected  to  work  in  the  college  is  thus  from  25  to  30  hours  per 
week,  from  15  to  20  hours  of  this  being  devoted  to  lectures  and 
classes,  and  the  rest  to  practical  work,  and  this,  with  necessary 
preparation  and  private  reading,  fairly  measures  the  workiug 
powers  of  an  ordinary  student.  Exclusive  of  the  time  taken  iu 
practical  work,  engineering  lectures  and  classes  thus  occupy  about 
one-half  the  time  for  all  the  three  courses  (ic.,  civil,  mechanical, 
and  electrical)  during  the  first  year,  and  rather  less  than  one-half 
for  the  two  remaining  years  of  the  course. 

In  giving  the  details  of  the  different  subjects  of  instruction,  it 
would  be  beyond  the  province  of  this  paper,  as  well  as  that  of 
the  writer,  to  discuss  the  teaching  in  mathematios,  physics,  and 
chemistry.  The  details  will  therefore  be  limited  to  a  considera- 
tion of  the  purely  technical  instruction,  undertaken  by  the  professor 
of  engineering. 

It  should  be  noted  that  a  new  departure  has  been  made  in 
the  opening  of  an  electro-technical  laboratory,  under  Professor 
Oliver  J.  Lodge,  D.Sc,  F.R.S,,  Lyon  Jones  Professor  of  Piiysics, 
and  the  appointment,  under  him,  of  a  special  lecturer  in  Electro- 
Technics — Mr.  F.  G.  Bailey,  B.A.,  A.LE/E. 

It  has  been  shown  that  the  work  of  college  teaching  is  carried 
on  by  means  of  (A )  lectures  and  classes  ;  and  (B)  laboratory  work. 
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In  the  engineering  subjects,  the  lectures  and  classes  are  oom-^ 
prised  under  (I)  engineering;  (2)  engineering,  drawing,  and 
design  J  (3)  descriptive  geometry;  and  i-^}  surveying, 

1.  There  are  three  lectures  a  week  in  engineering  to  each  of 
the  three  sets  of  students,  and  a  problem  class  of  one  hour  for 
the  benefit  of  those  of  the  first  year's  men  who  need  assistanoe 
in  working  out  the  numerical  problems  set  in  the  first  year 
lecture  coui*se* 

Students  are  expected  not  only  to  take  notes  during  tbe 
lecture,  but  to  rewrite  them  in  a  book,  which  is  brought  in  once 
a  fortnight  for  examination  by  the  prufessor,  who  inspects  and 
initials  such  books.  These  note-books  are  presented  as  the 
students  enter  the  room  for  a  fortnightly  examination,  wliieh, 
instead  of  a  lecture,  is  lield  on  tire  work  done  during  the  previou* 
two  weeks.  At  the  following  lecture  the  note^books  are  re- 
turned, and  remarks  are  made  upon  them  by  the  professor,  and 
also  upon  the  worked-out  papers  of  the  students,  the  proper  soli 
tious  of  the  various  questions  being  explained. 

The  following  is  the  syllabus  of  the  lectures  in  engineeriug" 
for  each  of  the  tiiree  years; — 

FIRST  YEAR 

AtJTUMK  Term.^ — Mechanics  applied  to  EltmaUary  Structmm  < 

3fa€hinrs. 

Measurements  and  units  employed  Jbr  engineering  purposes 
The  principle  of  end  measurement  aud  the  preparation  of  trulj 
plane  surfaces.  The  laws  of  force  and  motion,  and  elemetiUTY 
problems  on  the  dynamics  of  nmcbines.  The  principle  of  work 
and  its  application  to  machines.  The  nature  and  action  rf 
cutting  tools  and  of  machine  tools.  The  nature  and  laws  rf 
friction*  Friction  on  journals,  pivots,  and  thrust  bearings* 
Problems  on  machines  in  which  friction  is  considered.  Con- 
trivances for  reducing  the  effect  of  friction,  and  contrivancel 
such  as  brakes,  friction  clutches^  friction  gear,  *fec.,  for  its  useftd 
application.  Friction  of  ropes  and  belts.  Properties  and  appli- 
cations of  the  screw.  The  elements  of  graphic  statics  as  applied 
to  engineering  problems. 


THK  8CHBME  OF  BNGINEEiaNG  INSTRUOTIO^r, 


207 


Lent  Term. — Ehments  of  Hydro-Michanics, 

lure  on  quay  walls,  dock-gates,  and  embankments.  Theory 
I©  steady  motion  of  fluids.  Velocity  of  fluids  due  to  head. 
Clional  resistances,  and  loss  of  head,  Discharge  from  large  and 
Imall  orifices.  Viscosity  and  surface  friction.  Flow  in  open 
khunnels  and  loss  of  velocity  by  eddies.  Stability  and  resistance 
of  shipa.  The  hydraulic  press  and  hydraulic  cranes.  Hydraulic 
motors,  water  wheels,  and  turbines.  Pumps,  The  elements  of 
jmeomaties.  Flow  of  gases  through  pipes,  air  compressors,  and 
€old  air  machines. 

Summer  Term. — Clmi  arid  C&nsiruclive  Engineering. 

PresetTation  of  timber.  Artificial  stones  atid  hydraulic 
ecments.  Brickwork.  Masonry.  The  stability  of  walls  and 
liiillli988es.  Substructure  and  foundations.  Piles  and  pile- 
dnriiig.  Coffer  dams.  Common  roads ;  material,  construction, 
mtintenance,  and  draining.  8tone,  wood,  and  asphalt  pavement. 
Railways.  DiBferent  kinds  of  rails,  their  wear  and  cost.  Switches 
and  crossings.  Signals,  mechanical  and  electrical.  Electrical 
liilways.  The  elements  of  bridge  construction.  Tunnels  and 
imbankments.  Tramways,  the  different  systems  of  horse  and 
,,  wire-rope,  and  electrical  traction.  Classification  of  canals. 
and  rivers.  Gauging  and  measuring  of  velocity  at  dif- 
cro0S  sections.  Floods.  DiflTerent  kinds  of  facings  for 
ImbIcb.  Construction  of  dams  and  weirs.  Marine  engineering, 
Sw  defences  and  embankments.  Breakwaters.  Piers.  Harbours. 
r>ocka.  Supply  of  water  to  towns.  Eain,  spring,  well,  and  river 
w4Ser,  Mode  of  distribution  of  water  supply.  Draining  of  lands 
tad  lowna     Beclamation  and  irrigation  of  land. 


SECOND  YEAR. 

[ct6mk  Term, — The^ory  of  Machines  and  Mechanism. 

tiBtory  of  the  subject.     Definition  of  a  machine.      Pairs  of 

IlBL     Kinematic  lints  and  chains.     Force  and  pair  closure. 

lirs  of  elements.     Formulas  of  the  simple  machines  and 

"ririoiis  mechanisms.     The  theory  of  machines  illustrated  by 
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examples  in  parallel  and  straight  line  motioos.  Sewing  machinei. 
Priutiug  and  engraving  machines.  Shearing  machines.  Power- 
looms  and  spinning  machinery.  Reversing  and  quick  reto 
motions.  The  mechanism  and  mechanical  contrivances  of 
steam-entjine  and  other  prime  movers.  Chamber  crank-t 
and  chamber  wheel-trains.  Valve  motions  of  various  kia 
The  theory  of  toothed  wheels.  Bevil  and  screw 
Wheels  in  trains.  Epicyclic  trains,  the  transmission  of  mot 
by  belt  and  rope  gearing.  Differential  screw  and  polley.  Ap 
paratns  for  measuring  and  for  regulating  the  rates  of  motion, 
such  as  escapements  of  clocks  and  watches,  and  governors. 

Lent  Teum. — Prima  Movers. 

(1)  Sources  of  energy  in  nature.  The  relative  values  of  fuel, 
wind,  rainfall,  and  the  tides  for  motive  power.  General  con- 
siderations concerning  the  change  of  energy  from  one  form 
another.  Efficiency  of  a  motor.  (2)  Machines  for  utilisiug 
muscular  power  of  men  and  animals.  (3)  Theory  of  he 
engines,  (4)  Construction  of  furnaces,  and  devices  for  effo 
ing  economical  combustion.  Transfer  of  heat  from  the  furna 
(5)  Nature  and  properties  of  steam.  The  investigations  of  Wai 
and  Regnault.  Steam-boilers.  The  expansion  of  steam  iu 
cylinder.  Indicators  and  indicator  dia^^T^ams,  The  inventions  \ 
Savory,  Newcouien,  and  Watt.  Varieties  of  engines,  stationa 
locomotive,  and  marine.  Compound  engines.  The  pulsomet< 
and  injector.  (6)  Kot-air  engines.  The  inventions  of  Stirlin 
and  Ericsoo,  their  advantages  and  disadvantages*  Modem 
provements   in    hot-air    engines   for   purposes   of  small   pow€ 

(7)  Gas-engines.       Early   failures    and    modern    improvemen 

(8)  Electrical  motors. 

Summer  Term, 

An  advanced  course  of  lectures  will  be  given  during  this 
upon  the  elements  of  bridge  construction.  An  outline  of 
course  is  as  follows  : — 

The  theory  of  transverse  stresses,  in|fluding  the  determiiiatid 
of  bending  moments  and  shearing  forces  by  calculation  and 
Btruction,  for  beams  and  cantilevers,  with  concentrated  unifoti 
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and  roUmg  loads,  and  with  travelling  load  systems-  The  effect 
of  wind  pressure.  Stresses  in  braced  structures.  The  compara- 
tive anatomy  of  girders  and  bridges.  Theoretical  weight  of 
brid'^'es  and  stresses  due  to  the  weight  of  the  structure  itself. 
Detlection  and  curves  assumed  by  girders.  Continuous  girders 
under  various  loadings.  Theoretical  strength  of  columns,  and 
the  design  and  construction  oF  struts*  Connections  by  pin  and 
riveted  joints.  The  general  question  of  economic  design,  and 
calculations  for  bridge  structures. 


TUIRD    YEAR. 

Autumn  Term. 


^^^  A  course  of  lectures  will  be  delivered  during  this  term  upon 
I  the  theory  of  simple  and  complex  structures,  as  follows  :— 
I  Framework  loaded  at  the  joints,  including  suspension  bridges 
and  various  kinds  of  trusses.  Straining  actions  on  a  loaded 
structure.  Framework  in  general.  The  theory  of  deflection  and 
Clapey run's  theorem  of  three  moments.  Compound  stresses,  in- 
cluding tension  and  compression  with  bending  atid  crushing  by 
bending.  Formulas  of  Euler  and  Gordon,  The  effect  of  impact. 
The  ellipse  of  stress  and  its  applications.  Materials  strained 
beyond  the  elastic  limit. 

Lent  Tekm. 

A  course  of  lectures  will  be  delivered  upon  the  kinematics 
and  dynamics  of  machines,  as  follows  :■ — ^The  construction  of  dia- 
grams of  relative  position  and  velocity  for  various  mechanisms. 
Problems  upon  higher  pairing,  including  determination  of  form 
of  teeth  for  wheels  and  form  of  screw  gearin^t,  cams  and  ratchets, 
and  mechanism  in  general.  The  dynamics  of  the  steam-engine 
curves  of  crank  effort.  Fluctuation  of  energy  and  speed,  and 
calculations  connected  with  governors  and  fly-wheels.  Efljciency 
of  machines.  Straining  actions  in  machines  and  the  balancing 
of  various  parts. 

Summer  Term. 

A  course  of  lectures  will  be  delivered  upon  the  theory  of  tlie 
1892. — iL  0 
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Steam-engine  and  other  prime  movers,  as  follows : — ^The  genenl 
principles  of  thermo-dynamics.  Calculation  of  internal  and  ex- 
ternal energy,  and  thermal  efficiency-  Properties  of  steam  ind 
permanent  gases,  and  expression  of  laws  which  they  obey* 
Theory  of  heat-engine,  working  with  a  perfect  gas.  Perfect 
steam-engines.  Calculation  of  the  density  of  steam.  Graphical 
method  of  ascertaining  internal  work  in  expanding  steam.  Various 
sources  of  loss^  and  effect  of  clearance  and  wire-drawing.  Action 
of  the  sides  of  the  cylinder  walls  and  steam  jacketing.  Experi- 
ments on  steam-engines,  particularly  with  triple  expansiiaii. 
Theory  and  practice  of  hydro -mechanics,  including  flow  of 
water  in  pipes,  over  weirs,  and  through  sluices,  the  theory  of 
hydraulic  brakes,  water-wheels,  and  turbines.  The  applicadon 
of  the  high-pressure  system  to  the  transmission  of  power. 


2.  The  subject  of  Engineering  Drawing  and  Design  is  dii 
into  three  courses,  A,  B,  and  C,  running  conjointly  to  the 
sec^nd^  and  third  year's  engineering  lectures. 

In  Course  A,  a  weekly  lecture  is  given  each  Monday  on  ( 
strength  and  properties  of  materials,  and  the  elements  of  mac 
design,  as  follows : — The  materials  used  iu  machine  construe 
their  strength,  properties,  and  behaviour  under  the  actioii 
loads.     The  testing  of  materials,  tabulation  of,  and  deduction 
be  drawn   from,  such  results.     Simple  problems  in  conne 
with   forces  acting  in  parts  of  structures  and  machines, 
strength    and    form    of   riveted   joints.      The    dimensions 
strength   of  bolts,  nuts,  keys,  and  cotters.      The  strength 
construction   of   pipes  and   cylinders.     The   strength  and 
portions  of  shafting  and  cranks. 

In   the  class  which  occupies  an  afternoon  in  the  week, 
struction  is  given  in  the  preparation  of  tracings  and  of  wo 
and  finished  drawings. 

In  Course  B,  a  weekly  lecture  is  given  on  the  effect  of 
loads,  and  the  researches  of  Wobler  and  Spangenberg,  and^ 
formulas  of  Weyrauch,  Launhardt,  and  others,  based  upon 
researches.     The   theory  and   practical  calculations  require 
dealing  with  the  transmission  of  power  by  various  means, 
as  by  shafting;  toothed  friction,  and  screw  gearing;  belt,: 
and  chain  gearing.     The  strength  and  form  of  the  essential ' 
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of  machinery,  such  as  craoks,  levers,  cuiinectiog  rods,  cross-heads, 
pistons,  plummer  blocks,  brackets,  &c.  The  form  and  dimensions 
of  valves,  and  design  of  valve  gears. 

The  above  subjects  are  treated  in  connection  with  the  class 
on  another  afternoon,  held  on  Tuesday,  and  students  are  expected 
to  produce  finished  drawings  from  data  and  formulse  ^ven  in  the 
lecture.  They  are  taught  the  methods  of  copying  drawings  by 
photography,  as  practised  in  the  drawing  office. 

In  Course  C,  lectures  are  given  upon  the  design  of  complete 
machines  and  structures,  such  as  steam-engines,  turbines,  centri- 
fugal pumps,  jib  and  travelling  cranes,  sheer  legs,  boilers,  retain- 
ing walls  and  dams,  girders,  masonry  and  brick  arches,  roofs. 

Students  are  expected  to  prepare  and  complete  several  sets  of 
designs  in  connection  with  certain  of  the  foregoing  subjects,  and 
for  the  college  diploma  to  present  at  least  one  such  completed 
set  of  desigus,  in  the  preparation  of  which  the  use  of  text-books 
will  be  allowed,  but  no  other  assistance. 

No  terminal  certificate  in  connection  with  the  examinations 
is  awarded  to  a  student  in  either  of  the  foregoing  courses  who 
does  not  present  a  satisfactory  number  of  drawings  at  the  end  of 
the  term. 

3-  There  are  two  courses  of  instruction  in  descriptive 
geometry,  viz.,  elementary  and  advanced.  In  both  courses  there 
is  a  weekly  lecture  and  an  afternoon  devoted  to  drawing.  This 
subject  is  taught  only  during  the  autumn  and  Lent  terras.  The 
elementary  course  deals  with 

(L)  Plmie  (ri^ometri/. — The  construction  of  scales.  The  propor- 
tion of  lines.  The  description  of  polygons,  and  division  of  areas. 
The  construction  of  the  ellipse,  parabola,  hyperbola,  and  other 
important  curves.  The  transformation  of  areas.  Kepresentation 
of  areas  by  straight  lines.  The  use  of  squared  paper.  Graphic 
method  of  finding  the  centre  of  like  parallel  forces.  Centre  of 
gravity  of  simple  plane  laminae. 

(2.)  Solid  fkomdn/.^-The  representations  of  points  and  lines 
in  apace.  I  Representation  of  oblique  planes,  and  also  of  simple 
solids  formed  by  planes,  and  solids  formed  by  plane  figures 
which  revolve  about  a  fixed  line.  Simple  intersection  of  planes 
and  solids.  Use  of  scales  of  slope.  Developments  and  simple 
examples  of  shadows. 
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There  are  during  the  course  a  few  practical  classes  in  con- 
nection  with  the  setting  out  of  work  and  the  actual  oonstmccioii 
of  geometrical  forms  in  sheet  metal 

The  advanced  course  deals  with 

(1.)  Plane  GmmUry^ — Description  of  polygons  and  division 
of  irregular  plan©  areas  into  any  number  of  equal  parts.  Coo- 
structiou  and  use  of  the  lo^^arithmic  spiral,  trochoids,  and  other 
curves.  Construction  of  curves  for  form  of  cams  to  give  reriuired 
motions.  Loci  in  general  Point  paths  in  mechanism.  Tbe 
motions  of  radial  and  other  valve  gears.  The  elements  of 
graphical  calculus,  addition,  multiplication,  the  extraction  of 
'Toots,  rectification  of  circular  arcs.  Composition  and  resolution 
of  forces  and  velocities  treated  graphically.  Centre  of  parallel 
forces.     Geometrical  moment  of  inertia. 

(2.)  ^lid  Geonu'tn/. — Advanced  problems  on  points/ lines,  and 
oblique  planes.  Intersection  of  lines  with  planes^  and  planet 
with  each  other.  Representation  of  solids  in  any  posidoD. 
Intersection  of  solids  and  surfaces.  Tan,t;ent  jtlanes.  Scales  o( 
slope  and  their  use.  Development  of  surfaces.  Isometric  pro- 
jection. Axometric  projection.  The  theory  of  perspective 
radial  projection. 

The   examples  in  solid  geometry  will  be  taken  from  a( 
practice,  and  students   will   be   expected  to    construct 
models  in  cardboard  and  sheet  metal 

4.  There  are  two  courses  in  surveying,  both  held  only  in 
summer  term. 

In  the  elementary  course  there  is   a  weekly  lecture  de 
with  the  principles  of  surveying  and  levelling,  including  a  ( 
cussion  of  the  various  methods  of  surveying  with  chain,  teleme 
plane  table,  compass,  sextant,  and  theodolite,  levelling  operatifll 
and  contouring,  and  the  sources  of  error  in  levelling. 

An  afternoon  is  devoted  once  or  oftener  weekly  to  practi^ 
instruction  in  tbe  use  of  surveying  and  levelling  instruments,! 
keeping  of  field  books,  the  demarcation  of  survey  points, 
Jidd  pradkc  in   the  neighbourhood,  actual  surveys  being 
and  plotted. 

The  advanced  course  is  for  second  and  third  year  students. 
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(B,)  Laboratory  and  WorksJio^  Listruction, 

The  instruction  in  the  workshop  and  laboratory  is  arranged 
Simili^  to  a  progressive  scheme  to  suit  the  requirements  of  the 
iree  years*  course  of  engineering  study. 

In  the  first  year  students  spend  four  hours  in  the  wood- 
rorking  department,  and  before  proceeding  to  actual  pattern* 
nakiog  are  required  to  do,  satisfactorily,  a  certain  number  of 
at  the  bench  and  lathe.  Seven  hours  per  week  are 
in  the  main  workshop  at  the  vice,  lathe,  and  other  tools, 
md  in  acquiring  some  knowledge  of  forging  and  moulding,  the 
(^ect  in  view  being  to  impart  an  acquaintance  with  the  use  of 
kools,  and  some  idea  of  working  to  a  drawing. 

Students  in  the  second  year  are  required  to  spend  a  portion 
of  ooe  morning  at  pattern-making,  of  another  in  the  main  work- 
ifaop,  and  of  another  in  the  testing  department.  They  are  allowed 
to  prepare  test-pieces,  and  experimental  apparatus  for  their  own 
tse.  Students  of  civil  and  mechanical  engineering  also  take  two 
burs  on  two  other  mornings  in  the  workshops,  and  an  additional 
ooane  of  experimental  work  on  applied  mechanics. 

Students  in  the  third  year  go  through  a  series  of  steam-engine 
rtili  Oftt  the  experimental  steam-engines,  gas-engines,  and  other 
motors  in  the  laboratory,  thoroughly  working  out  all  results, 
hi  addition  to  this,  experiments  on  larger  engines  are  undertaken, 
*ilU  the  kind  permission  of  users  of  power  in  the  neighbourhood* 
Aconrse  of  experiments  on  hydraulics  and  lubricants  is  arranged, 
vA  also  a  further  course  of  the  testing  of  materials.  The  testing 
aichtoes  and  workshops  are  available  for  carrying  out  experi- 
Mital  research. 

k  register  of  attendance  is  kept,  and  leave  of  absence  required, 
••  in  the  case  of  lectures. 


Evening  Instruction. 

In  iddition  to  the  foregoing  scheme  of  day  instruction  there  is 
iprehensive  course  of  evening  work,  including  advanced 
for  engineers,  and  a  scheme  of  penny  technical  lectures 
vorkiiig  men  and  apprentices,  of  w^hich  the  following  is  an 
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By  means  of  a  grant  from  the  City  Council,  lectures  and  classes 
are  arranged  for  working  men  and  apprentices,  consisting  of : — 

(a)  Short  courses  of  lectures  upon  technical  subjects. 

(b)  Lectures  and  classes  on  drawing,  extending  thi-oughout 
the  whole  winter  seasion. 

The  selection  of  candidates  for  the  penny  technical  lectures  is 
made  by  the  Working  Men's  Polytechnic  Exhibition  Scholarship 
Committee,  Each  student  not  already  admitted  is  required  to  send 
in  a  form  of  application,  signed  by  himself  and  by  his  employer, 
certifying  that  he  is  an  apprentice  or  artisan  in  receipt  of  weekly 
wages,  and  stating  the  nature  of  his  employment,  and  also  that 
he  means  to  attend  the  whole  course  with  regularity. 

(a)  The  short  course  of  lectures  arranged  for  the  coming 
winter  are  upon — 

(1)  The  applications  of  electricity  to  engineering  purposes, 

(2)  Lines  for  joiners, 

(3)  Materials  for  cutting  tools* 


(4) 

(5) 
(6) 


Plumbing. 


Machine  tools. 

The  elements  of  electrical  science. 
The  charge  for  each  course  of  lectures  to  working  men  and 
apprentices  is  3d.     The  charge  to  otliers  is  Is.;  but  the  number 
who  can  be  admitted  will  depend  upon  the  number  of  selections 
by  the  working  men's  committee. 

(b)  The  drawing  courses  are  as  follows :— ^ 

(1)  Machine  drawing  and  descriptive  geometry. 

(2)  Building  construction  and  drawing* 
Tickets  for  each  course  of  ten  lectures  and  classes,  price  tOd., 

are  issued  on  the  first  evening  of  each  course,  and  will  entitle 
the  student  to  be  present  at  each  subsequent  lecture  or  class. 

The  charge  to  others  is  6s. 

There  are,  in  addition  to  the  above,  practical  classes  in  various 
subjects,  such  as  wood-working,  carving,  sheet  metal  work  and 
plumbing  j  but  this  paper  has  already  extended  to  a  length  which 
must  preclude  their  detaOed  consideration. 


^ 
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VOTE  OF  THANKS. 
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The  PuESiDKNT  said  the  Institute  was  greatly  indebted  to  Mr. 
Hele-Shaw  for  having  prepared  for  its  special  use  so  interesting 
an  account  of  a  most  important  institution,  of  which  Liverpool 
must  be  proud. 

As  only  an  abstract  of  the  paper  had  been  read,  full  justice 

had  not  been  done  to  it ;  but  he  hoped  that  amends  would  he 

made  fox  this  when  the  institntion  was  visited  on  the  following 

day.    The  paper  would  be  very  useful  for  purposes  of  reference,  as 

similar  papers  bad  proved  to  be  with  regard  to  other  educational 

I     institutions  bearing  upon  the  work  of  the  Iron  and  Steel  Insti- 

I    tute.     They  could  not  but  thank  Professor  Hele-Shaw  for  the 

I    trouble  he  had  takeu. 

^f  THUESDAY,  SEPTEMBER  22nd. 

The  Institute  resumed  its  sittings  to-day  at  St.  George's 
Hall- — Sir  Feedeeick  Abel,  K.C.B,,  F.E.S.  (President),  again 
occupying  the  chait 

The  Pkesibent  sail  that  the  first  paper  on  the  list  for  the 
day  was  by  Mr.  E.  H.  Saniter  ou  a  new  process  for  the  elimination 
of  sulphur  from  iron.  It  would  be  followed  by  a  paper  on  the 
same  subject  by  Mr.  Stead,  and  he  thought  it  would  be  con- 
venient to  the  meeting  to  have  the  two  papers  read  consecutively, 
the  discussion  being  then  taken  upon  both. 
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A  NEW  PROCESS  FOR  THE  PUKIFICATION  OF 
IROX  AND  STEEL  FROM  SULPHUR. 


BrE.  H.  SANITER,  F.C.a 


In  September,  1890,  1  commenced  a  series  of  experiments  with  a 
view  to  removing  the  sulphur  from  irou. 

I  was  impelled  to  this  research  by  the  recognitioa  of  the  fact 
that  sulphur  was  the  worst  enemy,  and  the  only  one,  over  which 
the  iron  and  steel  manufacturer  had  not  as  yet  obtained  complete 
control.  With  this  fact  in  view,  I  made  some  experiments  to 
ascertain  the  effect  of  prolonged  contact  of  lime  with  sulphury 
iron  at  a  high  temperature.  The  results  obtained  were  of  an 
iixegular  and  imperfect  character.  Reasoning  from  these  results, 
I  came  to  the  conclusion  that  a  more  readily  decomposable  body 
than  lime  was  necessary  for  the  ra]>id  removal  of  sulphur  from 
iron.  Eecogniaing  the  fact  that  chloride  of  aluminium  and  other 
chlorides  are  readily  reducible  to  the  metallic  state,  I  determined 
to  try  if  calcium  chloride,  acting  in  this  direction,  might  not  act 
upon  sulphide  of  iron  more  readily.  Whether  calcium  is  produced 
or  not,  I  soon  discovered  that  calcium  chloride  and  lime,  i.f.,  the 
oxy chloride,  is  a  very  powerful  desulplmrising  reagent. 

The  following  table  indicates  clearly  the  comparative  i-esults 
obtained;  the  sulphury  iron  being  kept  molten  in  plumbago 
crucibles  in  contact  with  the  substances  named : — 


Time  during 

£julphur 

iti  trou. 

No.  of 

which  tbe  TO olttiu 

Experiment 

iron  wai  in  con- 
tact with  the 

Mtctur«Uce4. 

mixture. 

Befora  Treatment. 
Per  cent. 

After  Ttoatanent. 

Hoora. 

Per  cent. 

4 

2} 

'39 

•03 

lime 

6 

IJ 

•30 

•12 

lime 
rUme,  go  7,;  ciil- 

10 

i 

•42 

trace 

cium    chloride, 
riime,  90  7,;  cal- 

16 

i 

•42 

trace 

cium   chloride, 
I     10  7„. 

PtritiriCATION  OF  IBOK  AND   BTEEL  FROM  SULPITUR. 


217 


restdts  show  (1)  that  lime  alone  removes  a  considerable  J 
piantity  of  sulphur  from  iron  if  the  contact  is  sufficiently  pro- 
Jongei    (2,)  That  a  mixture  of  calcium  chloride  and  Ivme,  in  the 
Aort  space  of  half-au-hour,  conipletelj/  eliminated  the  sulphur. 

Further,  the  lime  and  chloride  of  calcium  mixture  only  softened, 
i'ut  did  not  fuse* 

It  is  upon  these  last  experiments  that  my  process  has  been 
riaborated. 

It  consists  essentially  in  bringing  chloride  of  calcium  and  lime 
igfco  contact  with  molten  iron  or  steel,  under  certain  well-defined 
^■flitious.     Before  proceeding  to  describe  these  conditions,  it  will 
oe  desirable  to  give  some  information  on  the  important  subject  of 
*' chloride  of  calcium,"     The  salt  is  produced  as  a  by-product,  to 
^ihe  extent  of  many  thousaDds  of  tons,  iu  the  manufacture  of 
tmmonia,  of  soda  (by  the  ammonia   process),  and  iu  Weldon'si 
iDg   powder   process.      I   am   informed,  on   the  very  best 
rity^  that  at  the  present  time  not  more  than  10  per  cent, 
is  large  quantity  is  utilised,  the  remainder  running  to  waste 
ant  of  a  market. 
The  driest  calcium  chloride  obtainable  at  present  contains  70 
cent,  calcium  chloride,  and  30  per  cent,  of  water,  and  costs 
t  £2  a  ton. 
Before  using,  it  is  generally  desirable  to  dry  it,  and  this  may 
euily  and  cheaply  be  accomplished  in  a  reverberatory  furnace  at 
A  low  heat ;  the  whole  of  the  water  of  calcium  chloride  being 
dnyen  off  at  a  temperature  of  220"*  F. 

Calcium  chloride  may  also  be  cheaply  produced  by  mixing 
*"  waste  pickle/*  or  similar  liquors,  with  lime,  and  utilising  the 
mixture  of  calcium  chloride,  oxide  of  iron  and  lime  in  the  basic 
open-hearth  furnace. 

Fluor  spar,  in  conjunction  with  lime,  has  considerable  desul- 

plniriiing  properties,   but  it   has  also  some  considerable  disad- 

I  ^tigee,  viz.,  its  comparative  infusibility,  and  the  severe  cutting 

I  *ctioa  which  it  has  on  the  lining,  when  used  in  furnaces  lined  with 

I  °bi8ic  material;* 

I      I  now  come  to  the  description  of  the  process  as  applied  to  the 
I  ^waofBil  of  sulphur  from  raw  or  cast  iron. 
^L  A  mixture  of  calcium  chloride  and  lime  is   prepared,  which 
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will  fuse  readily  at  the  temperature  of  the  iron  to  be  operated 
upon. 

The  desired  combination  is  made  by  grinding,'  calcium  chloride 
and  lime  together  in  a  mill  so  as  to  thoroughly  mix  them,  and  also 
to  bring  them  to  a  moderately  fine  powder. 

About  equal  parts  of  each  are  required  to  give  the  desired 
fusibility. 

This  mixture  is  then  placed  on  the  bottom  of  a  ladle  or  receiver, 
and  consolidated  by  heat,  or  kept  in  position  by  other  suitable 
means. 

The  heat  may  be  applied  in  the  lirst  instance  by  means  of  a 
blowpipe  arrangement,  using  blast  furnace  gas,  but  when  in 
continuous  use,  the  heat  of  the  ladle  itself  is  quite  sufficient. 

The  receiver  is  then  filled  with  iron,  which  may  be  drawn 
direct  from  the  blast  furnacej  the  heat  of  which  melts  the  mixture, 
and  the  latter,  rising  up  through  the  metal,  removes  the  sulphur 
very  completely, 

I  do  not  find  it  necessary  to  have  reducing  conditions,  and, 
indeed,  oxidation  may  be  going  on  concurrently  with  the  removal 
of  the  sulphur,  as  will  be  seen  later  on.  Notwithstanding  this, 
however,  the  sulphur  is  removed  as  sulphide* 

Should  it  be  desii'able  to  remove  silicon,  as  well  as  sulphur,  the 
lime  of  the  mixture  is  replaced  by  hydrate  or  carbonate  of  lime,  or 
even  oxide  of  iron  in  addition,  should  the  hydrate  or  carbonate  be 
insufficient. 

About  25  lbs.  of  chloride  of  calcium,  and  an  equal  weight  of 
lime,  per  ton  of  iron,  have  been  found  sufficient  to  ef!ect  puri- 
ilcation. 

In  the  many  trials  made,  about  three  tons  of  iron,  direct  from 
a  blast  furnace,  were  treated  in  a  ladle  at  each  operation. 

Although  the  lirst  or  coldest  iron  from  the  furnace,  and  hydrate 
of  lime  in  the  mixture,  were  used,  no  "  skull ''  was  made,  which  is 
a  fact  of  the  very  greatest  importance,  and  there  can  be  no  doubt 
that  if  such  a  small  quantity  of  metal  is  not  materially  chilled,  Tjve 
may  safely  assume  that  larger  masses  would  never  **  skulL" 

The  uniformity  of  the  results  obtained  was  very  marked^  as  will 
be  seen  from  the  accompanying  analyses  ; — 
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Xo. 

ClA*Ji  of  Iron, 

Sulphur. 

Silicon, 

Mixture  Ui«J, 

Before, 

After, 

Before 

After. 

P.cent. 

V.mni, 

Per  cent.  ^Percent. 

1 

No.  5  ht^matite 

•220 

•060 

1  6     I     1-2    1 

Chloride  of  calcium  and  hyd- 

2 

Hard     forge,  ^ 

rate  of  lime.                            ' 

1  -5  per  cent  \ 

^300 

■060 

1*7          1-4 

•♦ 

1 

phosphortii  J 

d 

Grey  forge 

•070 

•008 

2-2          l-« 

IP                   ' 

4 

BAiic  iroQ 

•107 

•072 

Not  estimated 

i(                  f 

5 

ti 

•IM 

•062 

ti 

»•                  » 

1     « 

*« 

'109 

•031 

» 

t*                  » 

\     1 

i» 

■102 

•032 

•66 

•82 

f*                  * 

:  % 

♦1 

'065 

■02(i 

•84 

■48 

*•                  f 

\   d 

•01*3 

■016 

•32 

•09 

tt                  « 

10 

,, 

•089 

*024 

•42 

•18 

1  11 

** 

•083 

■020 

•37 

•09 

ti                   t 

12 

*j 

•133 

■030 

70 

•32 

•1                   1 

18 

tt 

•091 

-026     Not  e«tiiziAted. 

\  Chloride    of    calcC 

una    and 

14 

»♦ 

•OtfO 

oos 

(      limeKtone.                                | 

Noa.  7  to  13  are  consecutive  charges,  and  show  the  regularity  of 
the  results. 

It  should  be  stated  that  the  results  shown  above  were  obtained 
^from  the  application  of  the  process  when  it  was  well  known,  by  the 
ippearance  of  the  cinder,  that  the  resulting  pig  would  be  abnormally 
'  high  in  sulphur. 

The  above  table  shows  an  averai^e  elimination  of: — 


(]J  Sulphur 
{2.\  Silicon 


Per  Cent* 

.     73-6 
.     a5-77 


The  removal  of  silicon  being  due  to  hydrate  of  lime  only. 

The  following  is  an  average  slag  produced  by  the  above  treat- 
ment : — 

Per  Cent. 

Ciilcium  cliloiide 39  1 

Calcium  sulphide  .      iy% 

Lime.        ...  .        .     88  "G 

Silica  .        .         .  ...     12*9 

A  considerable  part  of  the  chloride  of  calcium  in  this  slag  may  be 
^  dissolved  out  with  water,  and  recovered  for  future  use. 

Only  a  limited  quantity  of  iron  (about  50  tons)  has  been  treated 
in  this  way,  owing  to  proper  plant  not  being  as  yet  available,  the 
small  4-ton  ladle  being  only  a  makeshift.  The  ladle  was  lined 
with  ordinary  fire-bricks,  which  were  practically  unattacked  by 
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the  slag  at  the  comparatively  low  temperature  at  which  the  pi 
cess  was  conducted. 

Appliauces  are  in  course  of  construction  which  will  deal  wil 
the  whole  output  of  the  furnace,  as  the  metal  is  run. 

The  plant  required  is  of  a  simple  and  inexpensive  characi 
consisting  of  ladles  or  receivers  on  wlieels. 

The  cost  of  materials  at  present  prices  is  about  6A  per  too 
iron  treated,  and  this  cost  will  be  less  when  a  more  efficient 
receiver  is  used. 

It  is  also  very  probable  that,  should  a  demand  arise  for  chloride 
of  calcium,  the  price  would  go  down.  jH 

A^^ainst  this  extra  cost  may  be  set  the  cheaper  production  antf^ 
enchanced  price  of  the  pig  iron  produced, 

Tbia  process  can  be  adapted  to  a  considerable  number  of  uses, 
such  as  : —  ^ 

(L)  The  purification  of  hfematite,  basic  and  common  (r5  pq^ 
cent.  P.)  irons  as  they  run  from  the  blast  furnace  or  cupola,  thus 
producing  these  qualities  of  iron  low  in  sulphur  and  silicon, 
which  they  might  be  used  for  direct  steel- making  or  cast 
pigs. 

It  is  a  fact  pretty  well  known  and  established  that  no  sulpbi 
is   eliminated   in   the    basic  open-hearth    process   as    on 
worked,  and  that  not  only  is  this  the  case,  but  when  ore  contai 
much  sulphur  is  used  for  feeding,  the  bath  of  steel  takes 
sulphur^  so  that  under  these  circumstances  it  may  contain  tw: 
as  much  sulphur  as  that  in  the  pig  and  scrap  originally  ui 
This  is  shown  by  Wedding  {Journal  of  the  Iron  and  Steel  InUii\ 
IL,  1890,  p.  547)»  and  is  confirmed  by  my  own  experience. 

In  my  process,  however^  aa  applied  to  the  basic  open  b* 
sulphury  iron  and  minerals  may  be  used,  and  not  only  is 
sulphur  not  increased  in  the  steel,  but  a  very  considerable  eliflii- 
nation  takes  place. 

In  order  to  attain  this  result,  it  is  necessary,  at  an  early  period 
after  the  charge  is  melted,  to  obtain  an  exceedingly  basic  8lag,<ii^^ 
to  add  a  suitable  quantity  of  calcium  chloride  to  it.  By  a  very 
basic  slag  I  do  not  mean  what  has  hitherto  been  considered  as  aucht 
but  a  step  in  advance  of  that,  with  about  50  to  60  per  cent  of  to^^ 

K  these  conditions  be  obtained  and  maintained,  it  will  be  fouad 
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that  sulphur  is  elimioated  along  with  the  car  boo  and  phosphorus, 
and  in  as  satisfactory  a  maoner. 

The  best  method  of  obtaining  this  coodilion  of  slag  is  to  charge, 
along  with  the  metal  and  scrap,  a  much  larger  proportion  of  lime- 
stone than  usual,  about  2  cwt.  to  the  ton.  When  the  charge  is 
melted  the  slag  will  be  of  the  required  composition,  and  the 
chloride  of  calcium  may  then  be  added  in  several  lots,  at  intervals. 
The  quantity  of  70  per  cent  chloride  used  is  slightly  under  J  cwt* 
on  the  ton  of  ingots  made. 

The  following  table  shows  the  quality  of  iron  which  has  been 
used,  and  the  steel  made  from  it ; — 


Pltf  Ima  LTscd. 

Average 
l>or  0011 1. 

Stool  HiuJe. 

ofSitlpliur 
in  MvUls 

Ko. 

m. 

a 

f. 

Mn. 

ChjiivtKi. 

a        St 

8, 

P. 

M&. 

P.Oit 

p.  Cwt 

p.  Cant. 

P.  OBOt. 

p.  Cent. 

P.  Cent  P.  Cent. 

P.C«nt 

Ul 

•7« 

13 

•18 

•58 

-21*1      tmce 

■081 

D27 

•68 

•10 

•45 

2-1 

•50 

m 

•20 

•072 

•052 

•75 

■10 

•45 

2-1 

•60 

•3C 

*l« 

•048 

1)o4 

•60 

iH 

•25 

2« 

100 

•20 

•08 

•048 

•025 

•43 

•20 

•23 

211 

IDO 

•l«i 

•17 

•048 

•045 

•57 

'20 

•22 

2  6 

\-m 

•18 

*145 

•063 

1M2 

•73 

-20 

•23 

2« 

100 

•18 

39 

•053 

■045 

•81 

•40 

•22 

2  a 

rao 

•18 

^1« 

•018 

■034 

•40 

•20 

•17 

2  it 

1-20 

•11 

•15 

^038 

•040 

•58 

10 

18 

•IIJ 

3*1 

1*50 

•IS 

•13 

DS8 

•040 

•30 

U 

•44 

•1ft 

3  5 

1-50 

•IS 

75 

•0^ 
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*eo 

12 

•5S0 

•15 

2-n 

1-00 

•IS 

15 

•088 

•040 

•58 

13 

ti5 

•13 

8-3 
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-11 

•155 

■025 

m'i 

'68 

14 

•» 

m 

-m 

3-00 

•06 

*115 

•016 

•010 

•12 

The  pig  used  in  the  above  charges  was  7*J"t)  per  cent. 

These  analyses  have  been  selected  to  show  the  varying  per- 
centages of  sulphur  in  the  cast  iron  nsed»  and  the  different  grades 
of  steel  made.  No.  10  is  conductivity  steel.  No.  14,  made  from 
\\-hite  hasmatite,  is  Swedish  bar  quality. 

The  Wigan  Coal  and  Iron  Co,  have  now  manufactured  over 
two  thousand  tons  of  steel,  of  which  the  above  are  examples, 
from  sulphury  iron,  the  process  being  continually  and  success- 
fully worked  by  them,  the  sulphur  being  removed  in  the  steel 
furnace. 

The  steel  has  been  sold  for  all  purposes  for  which  basic  open- 
hearth  steel  is  used,  namely,  wire,  hoops,  rivet  steel,  tin  bars,  &c.> 
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and  has  been  found  to  b&  fully  equal  in  quality  to  that  made  from 
pure  pig  iron. 

It  is  evident  from  what  has  been  said  that  no  great  care  ia 
necessary  in  the  selection  of  materials,  the  only  objectionable  ele- 
ments being  silica  and  silicon.  The  commonest  descriptions  of 
iron,  scrap,  and  ore  may  be  used,  subject  to  the  above  reservation. 
The  yield  of  ingots  obtained  is  as  good  as  that  got  in  the  use  of 
low-sulphur  iron.  The  use  of  common  iron,  high  in  sulphar  and 
low  in  silicon  and  carbon,  has  the  advantage  that  a  less  quantity 
of  steel  scrap  is  required,  and  that  the  consumption  of  ore  for 
feeding  is  reduced  very  considerably. 

The  cost  of  the  chloride  of  calcium  is  about  Is.  per  ton  on 
weight  of  ingots,  but  owing  to  the  saving  effected  in  the  cost 
materials,  and  in  the  quantities  of  scrap  and  ore  used,  there  is  ia 
reality  a  saving  of  about  4^.  per  ton  of  ingots. 

Neither  the  hearth  nor  brick-work  of  the  furnaces,  nor  the 
regenerators,  are  in  any  way  affected  by  the  use  of  calcium  cMoriiie, 
as  has  been  proved  by  practical  experience  over  a  period  of  six 
mouths. 

As  it  is  desirable,  in  the  case  of  anything  new,  to  have  corroboia- 
tive  evidence,  I  may  add  that  Mr,  Stead,  on  two  separate  occaaioaft^ 
visited  the  works  of  the  Wi*;an  Coal  and  Iron  Company,  and  in- 
vestigated this  process.  The  results  of  his  investigation  confinu 
what  I  have  stated.  I  understand  the  results  of  Mr.  Stead's  ia* 
vestigatious  will  be  embodied  in  the  paper  which  he  is  reading  at 
the  present  meeting  on  *'The  Elimination  of  Sulphur  from  Iroit"* 

The  process  has  been  patented  in  this  and  other  countries. 

I  cannot  conclude  this  paper  without  recording  my  sinceresi 
thanks  to  Mr.  W.  H.  Hewlett  and  Mr.  T.  M.  Percy,  of  the  Wigan 
Coal  and  Iron  Company,  who,  by  their  enterprise,  and  by  daily 
advice  and  encouragement,  have  contributed  very  largely  to  the 
attainment  of  the  results  laid  before  you  to-day.  I  have  also  to 
thank  Mr.  Stead  (my  teacher  in  chemistry)  for  much  friendlvtf^ 
yaluable  assistance. 

•  Vide  p.  223,  <t  §eq. 
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bere  seems  to  be  a  wave  of  scientific  thought  passing  over 

the  present  time,  wbich  has  for  its  object  and  aim  the 

ation  of  sulphur  from  iron,  it  was  believed  that  the  present 

[i  fitting  moment  to  pass  in  review  the  work  of  metallurgists 
have  studied  this  question  in  the  past,  and  to  discuss  the 
pwition  we  assume  at  the  present  time.  With  this  object  in 
vifW,  I  YentTire  to  lay  before  you  the  result  of  many  years*  study 
■^  investigation,  not  only  of  myself,  but  of  othei^  wlia  are 
mkhy  of  most  honourable  mention,  and  whose  work  will  always 
l^main  as  permanent  "  footprints  on  the  sands  of  time  "—work 
which  muat  always  be  looked  upon  as  a  solid  foundation  for  all 
tkt  has  followed.  In  discusain;^'  this  important  subject,  it  is 
necessary  to  arrange  the  matter  in  some  systematic  order,  and 
I  tberefore  propose  briefly  to  consider : — 

lit  The  sources  whence  the  sulphur  is  derived  which  eventu- 
aUfgets  into  our  pig  iron,  and  the  attempts  which  have  been 
Hade  to  remove  it  from  such  sources, 

^ad.  How  the  sulphur  finds  its  way  into  combination  with  iron 
^Ke  blast  furnace,  and  how  it  is  removed  in  the  same  furnace, 
^^ventually  finds  its  way  into  the  slag. 

^^d*  The  changes  which  are  effected  in  the  puddling  and  other 
1^068866  depending  on  the  action  of  oxide  of  iron  in  excess  when 
^phurons  iron  is  operated  on. 

*ltlL  Salphur  elimination  in  the  acid  Bessemer  converter  and 
«pea*hearth  furnace. 

5Ul  Sulphur  elimination  in  basic  steel  processes. 

6Ul  The  elimination  of  sulphur  by  such  processes  as  those  of 
H^toD,  Warner,  and  others — all  of  which  are  based  on  the  action 
ol  flome  alkaline  salt  upon  molten  iron. 

7lL  The  Hoerde  process  of  desulphurising. 


8th.  The  most  modem  and  recent  discovery  of  Mr.  Ernest 
Saniter. 

It  will  be  seen  from  this  classificatioii  that  it  is  proposed  to  go 
over  a  great  area,  and,  to  avoid  being  tedioos,  I  shall  endeaYOur 
to  be  as  brief  as  possible. 

L SmLPHPB  IN  THE  JlATErUAL. 


Coai  aitd  Coke, 

Sulphur  exists  naturally  in  two  conditions  in  coal — Is 
greatest  proportion   in   the  pyrites  or  bisulphide  of   iron;  ao 
2nd»  in  sulphate  of  lime.     Some  coals  are  free  from  the  htM 
substance,  but  I  have  met  with  coal  containing  as  much  as  1 
cent,,  equal  to  0'23  per  cent,  of  sulphur. 

During  the  process  of  coking,  half  of  the  sulphur  is  driven  i 
from  tlie  pyrites,  but  that  in  the  lime  sulphate  is  all  retaine 
It  is,  ilierefore,  a  disadvantage  to  have  sulphate  of  lime  in 
which  is  required  for  making  furnace  coke,  but  no  disadv 
tage  if  the  coal  has  to  be  burned  in  an  open  fire,  or  in  the  fire^ 
grate  of  a  steam  boiler ;  for  the  sulphur  present  in  the  sulphftt4^  is 
retained  in  the  ash,  and  none  of  it  escapes  into  the  atmosphere. 

During  the  last  twenty  yeai^  the  amount  of  sulphur,  on 
average,  has  been  gradually  increasing  in  the  best  English  coke 

Twenty  years  ago,  the  sulphur  in  the  best  average  Durham  fa 
nace  coke  used  in  the  Cleveland  district  was  not  above  0*80  pef 
cent, ;  and  the  furnace  manager  considered  himself  tiadly  used  if  ft 
coke  containing  1  per  cent,  was  sent  to  his  works*  To-day  the  aver- 
age coke  used  in  Cleveland  contains  about  0*95  per  cent,  sulpho 
and  coke  with  1*25  per  cent  is  otten  used.  Crushing  and  washirl 
the  coal  results  in  the  removal  of  a  very  large  proportion  of 
the  hea\^'  pyrites,  and  many  coals  are  now  so  well  cleaned 
by  that  means  as  to  give  a  coke  well  suited  for  furnace 
work,  which,  without  washing,  would  be  utterly  useless  for  that 
purpose. 

The  removal  of  sulphur  from  coal  is  effected  therefore 
two  ways : — 

1st.   By  washing  out  the  pyrites. 

2nd.   During  the  coking  process. 


I 

I 
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Tha  exceedingly  low  price  of  pig  iron,  and  the  small  profits 
derived  from  its  maimfaciure,  prohibit  the  tise  of  expensive  pro- 
068868  for  the  removal  of  sulphur  from  the  ores.  There  are 
only  two  processes  in  general  use,  viz. : — 

1st*  The  method  used  in  America,  and  only  applicable  to 
magnetic  ores  containin^^  pyrites — vix,,  the  separation  by  mag- 
netic machines. 

2iid.  By  calcination « 

In  the  first  method  mentioned  it  is  necessary  to  crush  the  ore 
to  fine  powder,  to  pass  it  afterwards  through  tl^e  magnetic  machines, 
by  which  means  not  only  are  the  pyrites  sepamtedj  but  all  other 
substances  (such  as  silica,  phosphate  of  lime,  &c.)  wluch  are  not 
attracted  by  the  magnet.  The  ore  prepared  in  this  way  of 
course  remains  in  fine  powder,  and  is  not  in  a  condition  such  as 
we  in  England  care  to  have  it,  for  our  experience  with  purple 
ore  shows  us  that  when  used  in  large  quantities  it  has  a  tendency 
to  check  the  driving  in  the  blast  furnace,  and  that  the  furnace 
flues  are  soon  filled  with  the  powder  earned  over  mechanically 
with  the  gas. 

About  twenty-two  years  ago  a  cargo  of  Marbella  ore  sand  was 
sent  to  the  Wittoii  Park  Works.  Its  condition  was  exactly  similar 
to  that  of  "  magnet  '*  cleaned  ore.  About  25  per  ceut.  of  this 
cargo  was  charged,  with  75  per  cent,  of  good  Spanish  ore,  into  a 
fumace  75  feet  high,  working  with  blast  at  3ilbs.  pressure.  The 
result  was  not  satisfactory  ;  the  blast  refused  to  pass  through 
the  mass  with  any  reasonable  speed.  As  a  consequence,  the 
furnace  was  nearly  **  gobbed  "  up,  and  it  was  with  the  greatest 
diftjculty  it  was  got  into  working  order  again  after  removing  the 
cause  of  mischief.  The  blast  in  this  case  was  certainly  not 
great,  and  I  can  only  account  for  the  reported  success  in  using 
crushed  ore  in  American  furnaces,  by  the  fact  that  the  blast  pres- 
sure is  so  much  greater.  We  must  not,  however,  forget  that  if 
one  evil  is  reduced  by  increased  blast  pressure,  the  other  is  likely 
to  be  increased,  and  a  correspondingly  larger  proportion  of  fine 
ore  is  likely  to  be  carried  into  the  flues. 

Looking  at  the  question  from  every  point,  I  am  of  the 
opinion  that  if  crushed  ores,  freed  from  pyrites,  &c.,  must  be  used, 

1892.— ii,  F 
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large  dust-collectors  should  be   attached    to    the    down-ooD 
and  our  furnaces  must  be  worked  at  a  greater  pressure  than  5" 
usual  in  this  country,  in  order  to  obtain  satisfactory  results* 

Calcination  is  the  most  generally  adopted  method  of  removi^ 
sulphur  from  ore.     At  Cole  brook,  in  America,  the  magnetic  ore 
used  in  the  furnaces  is  calcined  in  kilns  heated  by  gas,  by  which 
means  the    sulphur   origiiiany    present   is    reduced    by  50  per 
cent 

Purple  ore  bricks  are  an  instance  of  the  effect  of  repeated 
calcination,  with  free  exposure  to  air,  upon  iron  pyrites,  which 
contains  about : — 

Ftor  Ceot 
Iron    ,  ...         45*0 

Sulphur  50-0 

Copper 

Bilicft,  &&    .         , 


2-5 
2fi 


100-0 


The  greater  part  of  the  sulphur  is  removed  in  the  "sulpb 
burner;'  where  it  combines  with   oxygen  and  passes  into 
phurous  acid  (more  correctly  called  sulphur   di-oxidc),  and 
eventually  converted  into  sulphuric  acid. 

When  the  burnt  ore  is  **  drawn/*  the  whole  of  the  original  cop| 
together  with  3  to  6  per  cent,  of  sulphur,  remains.  In  this  condition 
it  is  sent  to  the  copper  works,  where  it  is  ground  to  powder,  mixed 
with  common  salt,  and  calcined  in  a  reverberatory  furnace,  in  aJ^ 
oxidising  atmosphere,  by  which  meaus  the  sulphides  are  oxid 
to  sulphates. 

By  washing,  the  sulphates  of  copper  and  other  soluble  sulph 
are  removed,  and  the  washed  ore,  containing  16  to  18  per  oeiit»i 
water,  040  to  0*50  per  cent,  of  sulphur,  and  0'08  per  cent 
copper,  constitutes  ordinary  purple  ore  or  "  Blue  Billy,** 

The  sulphur  is  further  reduced  to  under  O'lO  per  cent  du 
the  manufacture  of  bricks,  which,  after  moulding  to  suiti 
shapes,  are  baked  in  a  brick  kiln. 

If  the  ores  subjected  to  calcination  contain  carbonate  of 
its  presence  is  liable  to  prevent  the  expulsion  of  the  sulphur  1 
calcination. 

Thus,  in  a  careful  observation   made  at  Eaton,  in  calcining 
Cleveland  ironstone  which  contained  under  0*30  per  cent,  sulphur, 


I 


I 

I 


ON  THE  ELIMINATION   OF  SULPHUR   FROM   IRON. 


the  carbonate  of  lime  present  was  decomposed,  and  the  free  lime 
absorbing  the  sulphur  di-oxide  at  first  produced  in  the  oxidising 
atmosphere  of  the  kiln,  sulphate  of  Ume  was  produced ;  and  not 
only  was  no  sulphur  removed,  but  its  volume  was  actually  in- 
creased, the  sulphur  from  the  small  coal  used  for  calcining  being 
to  a  certain  extent  retained  hy  the  lime  in  the  ironstone. 

The  practice  of  calcining  ironstone  and  limestone  together  must 
result  in  preventing  the  escape  of  sulphur  di-oxide. 

Sulphur  in  sidphates  of  baryta  and  liniej  iu  fact,  sulphur  in  every 
form  charged  into  a  blast  furnace,  is  equally  liable  to  be  retained 
in  the  pig  iron,  for  reasons  which  vrill  be  discussed  hereafter. 

There  is  no  method  of  removing  sulphates  from  tlie  ore  before 
smelting,  excepting  by  '*  dressing "  and  hand-picking,  which  are 
only  practicable  when  the  vtrhite  sulphates  are  not  diffused  or 
mixed  throughout  the  material 

IL — KEMOvmo  Sdlphuk  from  Ikon  in  the  Blast  Furnace. 

The  following  general  facts  have  been  so  often  verified,  that 
they  may  be  accepted  without  doubt: — - 

L  That  when  sufficient  lime  is  present  in  the  furnace  charge 
to  combine  with  all  the  sulphur  and  acid  (silica),  the  temperature 
being  sufficiently  hi^^h,  practically  all  the  sulphur  will  be  found 
in  the  slag,  and  little  or  none  in  the  meial. 

2.  That  if  other  things  remain  constant,  as  the  temperature 
falls,  so  as  to  result  in  piu'  iron  of  closer  texture  or  higher  num- 
ber, the  sulphur  gradually  increases  with  the  increasing  number 
until,  when  the  temperature  of  the  furnace  is  just  sufficient  to  melt 
the  iron  reduced,  tlie  greater  part  of  the  sulphur  will  be  found 
in  the  pig,  and  httle  will  be  found  in  the  slag. 

3.  Tiiat  the  more  basic  the  slag,  the  less  sulphur  will  even- 
tually be  retained  in  the  pig  iron. 

4.  That  if  manganese  is  charged  with  the  materials,  if  the 
temperature  is  high  enough,  less  sulphur  will  pass  into  the  iron, 
and  a  proportionately  greater  amount  be  found  in  the  slag.  Mr. 
Parry  of  Ebbw  Vale  was,  I  believe,  the  first  to  notice  this  fact. 
It  has  since  been  constantly  taken  advantage  of  in  producing 
basic  iron  in  the  Cleveland  and  other  districts. 

Practically  all  the  sulphur  charged  into  a  blast  furnace  in  the 
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ore,  before  it  reaches  the  hearth  must  at  one  time  danng  its  d»- 
scent  have  combined  with  the  iroD.  The  experiments  and  varioni 
invettigations  which  follow  therefore  bear  upon  the  effect  of  beat- 
ing together  sulphide  of  iron,  or  iron  oontaiuing  sulphide,  with 
the  substances  which  are  always  present  in  a  blast  furnace, 

Percy  (Iron  ami  Sled,  p.  37)  describes  an  experiment  in  whick 
he  proves  that  wlien  sulphide  of  iron  is  heated  at  a  very  b'gh  tem- 
perature, with  lime  or  baryta  and  carbon,  sulphides  of  the  alkalins 
earths  and  cast  iron  are  produced.  The  same  author  states  tbat 
iron  sulphide  and  pure  iron  unite  in  very  variable  proportions,  and 
he  gives  results  of  experiments  in  which  homogeneous  products, 
containing  about  Q'OC  per  cent*  and  H'95  per  cent  of  sulphm, 
were  obtained  by  meltiuL^  together  sulphide  of  iron  and  iron  wire 
(p.  33).  Percy  also  states  that  steam  decomposes  when  heated  h 
presence  of  sulphide  of  iron,  sulphuretted  hydrogen  being  dis- 
engaged (p.  35).  He  adds  that  when  sulphide  of  iron  wai 
heated  to  whiteness  for  two  and  a  half  hours  with  charcosl, 
a  amall  globule  of  metal  was  reduced,  which  was  equal  to  abairt 
six  per  cent,  on  the  total  iron  treated. 

In  a  second  experiment,  the  globule  produced  by  heating  iU  < 
sulphide  to  whiteness  for  three  hours,  contained  9*41  per  cent  j 
of  silicon  and  89*53  per  cent,  of  iron,  and  evidently  a  considerfthb 
quantity  of  sulphur,  for  sulphuretted  hydrogen  was  evolved  OB  J 
treating  it  with  hydrochloric  acid.     Now.  as  there  was  sucb 
large  quantity  of  silicon  in  the  buttou,  we  must  assume  eit 
that  the  sulphide  was  not  purei  or  tliat  the  charcoal  used  as  I 
lining  to  the  crucibles  most  have  contained  silica ;  tl\e  expe 
ment  could  not  therefore  represent  the  effect  of  C  on  FeS. 

Karsten,  on  repeating  Percy's  experiments,  found  that  sulpbi 
of  iron  is  not  changed  by  fusion  with  carbon.  Now,  as  the  i 
authorities  ditier  so  much,  it  was  thought  necessary  to  rep 
the  experiment  a  third  time;  a  crucible  was  therefore  braaqtiei] 
with  lamp-black,  and  about  ten  grams  of  sulphide  of  iron ' 
placed  on  the  bottom,  this  was  covered  with  lamp-black; 
over  the  whole  a  fire-clay  lid  was  placed*  The  crucible 
heated  to  whiteness  for  an  hour  and  a  half;  when  cold, 
crucible  was  found  to  be  nearly  melted  away  with  the  inteoflS 
heat,  but  no  trace  of  metal  could  be  found,  and  the  sulphide  had 
apparently  not  suffered  any  change.      The   following  analyses 
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indicate  the  composition  of  the  sulphide  before   and  after  the 
fusion : — 

BcfL»r6.  Alter. 

IrtJii         .         .         .         74'^  per  cent  74*3  per  cent. 

Sulphur  .  26'l        ..  26  7 

Now,  althougli  my  experiment  agrees  with  that  of  Karaten. 
I  am  not  prepared  to  say  that  it  is  impossible  to  produce  cast 
iron  from  sulphide  by  heating  it  with  pure  carbon,  provided  the 
heat  is  sufficiently  intense. 

It  is  possible  that  the  temperature  employed  by  Dr.  Percy 
may  have  been  greater  than  in  the  other  cases.  Considering, 
however,  that  the  temperature  was  described  as  sufficient  to  melt 
wrought  iron,  and  that  only  about  six  per  cent,  of  the  sulphide 
was  reduced  in  two  and  a  half  hours,  we  must  conclude  that, 
excepting  under  such  conditions  as  are  not  likely  to  occur  in 
any  practical  smelting  process,  sulpliide  of  iron  is  incapable  of 
being  reduced  by  carbon  alone  to  the  metallic  state. 

The  next  question  is,  if  carbon  is  incapable  of  reducing  sul- 
phide jt;^'  se,  has  it  the  power  of  removing  sulphur  from  cast  iron 
containing  sulphide  of  iron  dissolved  in  it  ?  Percy  answers  the 
question  by  making  an  experiment  in  wliieli  white  cast  iron  was 
fused  under  charcoal  for  one  and  a  half  hours  at  a  tempera- 
ture sufficient  to  melt  wrought  iron.  The  result  given  was  as 
follows : — 

Before^  Alter. 

Sulphur      .        .        .      0*78  per  cent,        0*34  per  cent 

The  white  iron  was  converted  into  mottled. 

Mr,  Edw.  Riley  converted  white  iron  into  grey  by  heating  it 
in  a  crucible  lined  with  retort  carbon,  and  the  sulphur  was  com- 
pletely removed.  Both  Percy  and  Riley  agree  to  a  certain  extent ; 
but  the  removal  of  sulphur  is  not  so  perfect  in  one  case  as  in  the 
other*  An  experiment  made  in  my  laboratory,  using  a  crucible 
lining  of  pure  lamp-black  instead  of  impure  carbon— such  as 
charcoal  or  retort  carbon,  either  of  which  mi^dit  contain  bases 
capable  of  combining  with  sulphur— in  which  white  pig  iron,  low 
in  carbon,  was  kept  tluid  in  contact  with  carbon  for  an  hour  and  a 
half  at  a  white  heat,  resulted  in  no  elimination  of  sulphur  what- 
ever. The  same  result  was  obtained  when  wood  charcoal  was 
substituted  for  lamp-black.     The  sulphur  in  the  metal  was  0-51 
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per  cent.,  and  0  51  per  cent,  was  found  after  treatment  Thm 
can  be  no  doubt  as  to  the  correctness  of  the  analyses,  as  the 
sulphurs  were  determined  by  two  different  methods  with  con- 
cordant results.  Here,  again,  my  results  do  not  agree  with  those 
of  other  observers,  and  it  woultl  appear  as  if  very  slight  differences 
in  the  conditions  under  which  the  experiments  are  conducteJ 
greatly  modify  the  result.  My  experiments  were  made  at  i 
temperature  above  that  of  the  hottest  product  of  any  blast  fur- 
nace, and  if  the  heat  was  greater  than  this  in  Percy's  and  Riley's 
trials,  and  if  the  difierence  in  our  results  was  caused  by  a  greater 
temperature  being  employed  in  the  latter,  we  may  assume  thai 
the  lower  degree  of  heat  approximated  more  closely  to  what  is 
obtained  in  blast  furnace  practice,  and  that  therefore,  in  tbe 
reactions  which  occur  therein,  carbon  per  se  has  little  effect  in 
expelling  sulphur  from  iron.  This  conclusion,  however,  camiot 
be  accepted  as  final  until  it  has  received  much  more  attention, 
The  iron  used  in  my  trials  contained  nearly  2  per  cent,  of  phos- 
phorusi  but  I  fail  to  see  how  that  would  influence  the  result 

ft 
Iron  Stdphide  heated  with  Silica^ 

Percy  gives  the  result  of  experiments  in  his  laboratory  wli 
indicate  that,  when  sulphide  of  iron  and  silica  are  heated  togetl 
to  whiteness  for  two  hours,  no  sensible  change  is  effected. 

Iron  Sulphide  Iteated  with  Silica  and  Carbmi. 

Hochshetter  heated  iron  sulphide,  silica,  and  charcoal  togefl 
to  whiteness  for  two  hours  in  a  covered  plumbago  crucible,  i 
obtained  the  following  result,  viz. : — 

Mixture  Uatd, 

Salphide  of  iron       .        ,        .        ,  600 

Silicft        ,....-  6(>0 

Ohjiroo&l .SCO 


Product  Obtained, 


Iron. 

Silicon 
Solphur 


Per  0«*t 

80-28 

1877 

1*00 


Loss  of  diilphur 


97'46 
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In  this  experiment  the  amount  of  silicon  reduced  most  dearly 
indicates  the  Tery  great  heat  employed,  for  it  is  well  known  that 
it  is  impossible  in  the  blast  furnace  to  obtain  such  a  high  per- 
centage of  silicon  excepting  by  the  use  of  an  extravagant  amount  of 
coke,  and  a  very  high  temperature.  To  ascertain  what  result  would 
be  obtained  if  the  experiment  were  conducted  at  a  less  elevated 
temperature,  two  grams  of  sulphide  were  placed  on  a  mixture 
of  lamp-black  and  silica,  and  covered  witli  a  portion  of  the  same 
mixture  and  heated  for  an  hour  and  a  half  to  a  good  white 
Wt  The  button  after  the  treatment  consisted  of  apparently 
unaltered  sulphide,  and  no  metal  was  produced.  A  second  ex- 
periment was  made,  using  a  portion  of  the  same  sulphurous  white 
ijon  as  was  used  in  previous  experiments  instead  of  sulphide,  all 
other  conditions  remaining  the  same  as  in  the  last  experiment 
ae  remaining  button  contained : — 


^[be 


Silicon  , 
Sulphur 


5  "37  per  cent 
0-52       „ 


Now^  judging  from  the  fact  that  the  silicon  was  reduced  to 
stwh  an  extent  as  5  per  cent,»  we  must  admit  that  the  tempera- 
tare  most  have  been  considerable,  and  that  at  any  rate  up  to 
that  ie^ee  there  is   no   reaction  such  as  Percy  found  in  his 
'  experiment  when  18  per  cent,  was  reduced. 

Turner,  in  his  paper  to  this  Institute,  has  shown  that  silicon 

pii^ai  their  melting-points,  containing  13*45  and  10*78  per  cent,  of 

lilicou,  respectively,  contained  1*46  and  0*45  per  cent*  of  sulphur, 

wepectively;  and  that  silicon  sulphide  of  iron,  containinj^  about 

JO  per  cent,  silicon  and  the  same  amount  of  sulphur,  on  heating 

^Hlhe  melting-point  of  cast  iron  in  a  clay  crucible,  was  split 

flPinto  two  perfectly  distinct  bodies,  one  cootaioing  the  greater 

tthe   silicon,  while  the   other  was  exceptionally  rich  in 
.     The  metal,  however,  containing  the   greater  part  of 
!on  (13*45  per  cent)  still  contained  1*46  per  cent,  of  sul- 
We  may  assume,  therefore,  that,  at  the  temperature  men- 
a  stable  compound    was   formed,  and    that   this   large 
/  of  silicon  had  no  power  to  remove  the  V46  per  cent 
^  sulphur  associated  with  it.     In  concluding  his  remarks,  he 
'*  Silicon   has  the  power  of  expelling  sulphur  from  ca&t 
li  and  in  blast  furnace  practice  there  are  three  chief  agencies 
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at   work  tendiug  to  eliminate  sulphur  from  iron,  of  which 
Clevelaud  practice  not  more  than  one-twentieth  passes  into  tfce 
iron — 

"1st  A  high  temperature  tends  to  prevent  the  absorptii 
sulphur  by  iron. 

*'  2nd.  A  slag  rich  in  lime  readily  cumbines  with  sulphur. 

'•  3rd*  The  amount  of  sulphur  actually  retained  by  the  mei 
influenced  by  the  proportion  of  silicon,  and  probably  also  of  cei 
other  elements  present  in  the  iron." 

Now  it  appears  to  me  that  Mr.  Turner's  experiments  show 
that  iron  with  excessive  sDicon  may  still  contain  1*46  per 
of  sulphur,  an  amount  exceeding  what  is  usually,  in  any  ordi 
cast  ii-on,  produced  in  a  blast  furnace,  and  that  although 
conclusions  apply  very  aptly  to  compounds  of  iron,  silicou^ 
sulphur,  which  have  never  been  met  with  in  practice,  the^ 
not  apply  to  ordinary  blast  furnace  work,  where  the  silicon  rarely 
exceeds  5  per  cent.  Interpreting  Mr,  Turner's  results,  it  would 
seem  that  we  are  justified  in  concluding  that  sulphur  is 
not  influenced  by  the  amount  of  silicon  usually  present  in  cast 
iron.  It  is  well  known  that  silicon  pig  is  produced  with  a  slag 
deficient  in  bases,  and  therefore  not  well  adapted  for  tJieabsorp^ 
tion  of  sulphur,  and  I  have  found  in  such  iron  more  sulphur  than 
Kg.  1  pig  iron  usually  contains,  viz,,  O'lO  per  cent,,  while  Mr 
Hadfield  has  stated  that  out  of  **  fifty  to  sixty  analyses  of  such 
iron,  containing  from  8  to  12  per  cent  of  silicon,  the  sulphur 
has  varied  from  O'lO  to  0^32  per  cent/' an  amount  frequently  uot 
exceeded  in  white  iron  containing  under  one  per  cent  of  silicon. 

The  following  analyses  represent  pig  iron  produced  in  blast 
furnaces  working  hot,  but  with  deficient  lime : — 


White, 
Pizr  Cent 

Close  Grey, 
Per  Cent 

1'76 

4^ 

046 

032 

Silicon 
Solphiir 

Now,  taking  all  these  facta  into  cousideration,  we  are  said  j 
stating  that  great  and  prolonged  heat,  the  consumption  of : 
large  quantity  of  coke  in  the  blast  furnace,  and  the  presence  of 
high  silicon  in  tlie  pig,  do  not,  if  the  lime,  or  magnesia,  or  bases 
capable  of  absorbing  the  sulphur  are  deficient,  result  in  its 
elimination,  or  prevent  it  from  being  retained  in  the  pig  iron* 
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Many  invefltigators  have  proved  that  the  carbon  is  to  a 
greater  or  lesa  extent  expelled  from  cast  iron  on  the  addition  of 
sulphide  of  iron.  It  is  certain  that  in  all  classes  of  cast  iron, 
no  matter  at  what  temperature  it  is  produced  in  the  blast  fur- 
nace, when  the  sulphur  is  high,  the  carbon  will  be  lower  than 
it  would  have  been  had  the  sulphur  been  less* 


(hi  Smelting  Ores  cmiiaimn^  Barium  and  Calcium  SuJphaks. 

Barium  sulphate  (BaSO^)  contains  13'7  per.  cent  of  sulphur. 
Calcium  sulphate  (CaSO^)  contains  235  per  cent,  of  sulplmr. 

Many  years  ago,  when  experimenting  in  crucibles  with  iron 
ores  containing  such  sulphates  in  small  quantity,  it  was  found 
that  the  susphur  appeared  quite  as  liable  to  pass  into  the  iron 
as  if  it  had  been  ori^nally  present  in  the  ore  as  sulphide  of  iron. 

When  barium  sulpliate  is  present  in  larger  amount,  however, 
it  would  seem  from  the  records  given  by  I)r.  Percy  that  on 
smelting  such  ores  in  the  blast  furnace,  a  regulus  consisting  of 
sulphide  of  iron  and  barinni  is  formed,  which  runs  off  like  slag 

Jfrom  the  surface  of  the  metal. 
When  these  sulphates  are  heated  in  a  reducing  atmosphere,  or 
in  contact  with  heated  carbon,  they  are  reduced  to  their  respec- 

Itive  sulphides. 
In  order  to  ascertain  what  would  result  on  smelting  iron  oxide 
with  barium  sulphate  under  different  conditions,  the  following 
experiments  were  made  : — 
Pure  Oxide  of  Iron  Smelted  with  Barium  Sulphate  and 
Silicioris  Matter. 
To  ascertain  the  effect  of  smelting  pure  kidney  haematite  with 
barium  sulphate  and  silica,  a  mixtare  consisting  of— 
Hscmatite         .......     50  grm*. 
Barium  sulphate  .         .         .         .       5    „ 

Kaoliu     .......      5    ,« 
H  Cbftrcoal  ........    in  exceie 

was  reduced  in  a  plumbago  crucible,  and  the  resulting  button  of 
netal  analysed  for  sulphur,  wliich  was  found  to  be  :■ — 


Sulpfau 


'  pet  < 
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If  all  the  Bulpllur  had  been  retained  by  the  metal,  it  should 
have  contained — 

Solpbar  .......     183  percent. 

This  result  is  exactly  what  might  have  been  expected,  and 
proves  that  when  there  is  sufficient  silica  present  to  combine 
with  the  alkaline  earth  base,  practically  all  the  sulphur  will  pass 
into  the  metal. 


Pure  Oxide  Smelted  with  Bariuvi  Sulphate  and  Fluor  SIpar, 
On  smelting  60  grms.   haematite   ore  with   5  grms.   barium 


sulphate  and  5  grms,  fluor  spar,  the  metal  produced  contained : — 

Sulphur 0*13  per  cent. 


4 


^  Pure  Oxide  Smelted  mt  a  Bed  of  Barium  Sulphide, 

It  was  found  impracticable  to  smelt  a  mixture  of  oxide  of 
iron  aod  sulphate  of  barium  owing  to  the  in  fusibility  of  the 
barium  sulphide  produced,  and  the  impossibility  of  causing  a 
separation  of  the  iron  from  the  sulphide.  The  oxide  of  iron 
was  therefore  mixed  with  charcoal,  and  this  having  been  placed 
on  a  layer  of  barium  sulphide,  was  completely  covered  with  a 
quautity  of  the  same  substance.  After  the  smelting  had  been 
efiected  the  metal  contained — 

Sulphur  **..,.»     O"40  per  cent. 

Both  these  trials  show  that  unless  silica  is  present  to  decom- 
pose the  sulphide,  there  is  a  reduced  tendency  for  the  sulphur 
to  pass  into  the  metal. 


Oxide  of  Iron,  Barium  Sulphate^  LimCy  and  Fluor  Spa7% 
Smelted  together. 

The  following  mixture,  on  smelting — 

Hsem&tite        .......  50  grms. 

Barium  sulphate 5    ,, 

Lime        ,..*»,.»  5     », 

Fluor  ffpar       .......  8    „ 

Ch&roool in  excecB 


gave  metal  contaiuiny  : — 

Sulphur  « 0  06  per  c«nt. 
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[  Oitide  of  Iron,  Barium  Sulphate^  Limt^  and  Calduvi  Chloride 
Smelted  togethtr. 

The  following  mixture,  on  smelting — 


Hicinatite 
Buriuin  sulphate 
Lime 
Caloiuni  chloride 


50  grms. 
8     „ 


yielded  metal  containing — 

Sulphur  , 0'03  ptir  cent. 

From  the  results  of  these  experiments,  it  is  clear  that  the  fact 
that  the  sulphur  from  sulphates  of  the  earth  metals  (when  they 
are  present  in  iron  ores),  combines  with  the  iron  must  be  mainly 
due  to  the  effect  of  silica,  which  is  always  present  in  such  ores 
in  suflBcient  quantity  to  decompose  these  sulphates,  and  thus 
liberate  the  sulphur;  they  also  lead  us  to  infer  that  if  the 
materials  charged  into  our  furnaces  contained  more  than  sufficient 
lime  to  saturate  all  the  silica  and  sulphur  present,  and  were  in 
intimate  contact  with  them,  no  matter  whether  the  iron  pro- 
duced was  white  or  grey,  it  would  contain  little  or  no  sulphur. 
Such  a  condition  of  things,  however,  can  never  be  practically 
obtained.  Where  fine  ore,  such  as  purple  ore,  containing 
sulphur,  has  to  be  moulded  into  bricks,  lime,  if  added  in  sufficient 
quantity,  might,  and  most  probably  would,  prevent  the  sul^jhur 
from  uniting  with  the  iron- 
Professor  Finkener,  of  Berlin,  upon  heating  calcium  sulphate 
with  metallic  iron  at  a  red  heat,  found  that  they  were  transposed 
into  oxide  of  iron,  lime,  and  sulphate  of  iron.  My  authority  for 
this  statement  is  a  paragraph  in  Dr.  Wedding*s  work  on  the 
basic  Bessemer  process,  page  191,  which  is  as  follows: — 

"  The  fact  that  iron  and  calcium  sulphate  at  a  red  heat  trans- 
pose into  oxide  of  iron,  lime,  and  sulphide  of  iron,  interferes 
with  the  desulphurisation  in  the  basic  converten  ,  .  .  Professor 
Finkener,  at  Berlin,  first  discovered  this/' 

We  are  then  referred  by  Dr.  Wedding  to  page  153  of  his 
work  on  the  same  subject,  where  we  find  the  following  description 
of  Professor  Finkener's  experiment : — 

*'  3.   Iron  and  sulphate  of  lime  heated  in  an  exhausted  tube. 
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The  mass  was  "melted,  and  there  was  formed  oxide  and  sal* 
phide/* 

It  is  possible  from  this  second  paragraph,  that  the  Profeswff 
never  intended  to  convey  the  meaning  put  upon  it  by  Dr. 
Wedding,  and  that  he  never  determined  how  the  sulphur  wss 
associated. 

If  this  is  the  case,  an  apology  is  due  to  that  gentleman  from 
both  Dr.  Wedding  and  myself. 

As  there  is  evidently  some  doubt  as  to  what  is  the  nat^ 
constitution  of  a  regulus  containing  calcium,  iron,  sulphur,  and 
oxygen,  it  was  proposed  to  make  experiments  in  my  laboratory  to 
definitely  settle  the  question,  and  the  following  trials  were  the 
fore  made:— 


Sulphide  of  Iron  mid  Limt^  ffeaUd  imjttlier. 

stead  of  heating  calcium  sulphate  and  metallic  iron  togeth 
sulphide  of  iron  and  lime  were  substituted 

The  sulphide   used  contained  about  36  per  cent  of  oxide  flL 
iron,  and  about  68  per  cent  of  FeS.    Equal  parts  of  this  msten' 
and  pure  lime  were  most  carefully  mixed  in  a  powdered  conditio^ 
and  one  part  of  it    was  heated  for  an  hour  in  a  crucible  to  » 
temperature  considerably  below  the  melting-point  of  cast  ir 
while  the  other  was  heated  to  intense  whiteness.    When  cold,  1 
portions  were  ground  to  a  tine  powder,  and  an  ultimate  analy 
was  made  of  each,  with  the  following  results,  viz. : — 


Temperature. 

AtHlgti 

PerCrot 

PvOnut 

Iran          ..,,.. 

.     5S-90 

1015 

Sulphur 

.    I2'4:i 

8S8 

Lime,  oxy^jwo,  &c,  not  detwroiiiird 

.     63-67 

S6-(7 

]  00-00 


lOODO 


will  be  noticed  that  the  composition  of  the  two  compouna 
is  widely  different,  but  the  reason  for  this  will  be  readily  ullde^ 
stood  when  it  is  explained,  that  the  mixture   which  was  roost 
strongly  heated  had  combined  with  a  considerable  quantity  of  tk 
lime  from  the  lime-lined   crucible  in  which  the  experiment 
oonducted. 
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For  the  purpose  of  our  investigatioD,  this  addition  of  lime  is, 
however,  of  no  importance. 

In  order  to  ascertain  whether  the  ii'on  was  in  combination  with 
sulphur  or  oxygen,  advantage  was  taken  of  the  fact  that  sulphide 
of  calcium  is  not  affected  by  heating  in  dry  hydrogen  gas,  whilst 
oxide  of  iron  is  reduced  to  the  metallic  state. 

Oue  grm.  of  each  compound  was  weighed  into  separate  platinum 
boats,  and  these  were  heated  in  a  porcelain  tube  to  bright  redness 
in  a  stream  of  dry  hydrogen  gas,  utitil  they  ceased  to  lose  weight 
The  gas,  after  passing  through  the  tube  in  each  case,  was  con- 
veyed through  an  ammoniacal  solution  of  cadmium  for  the 
purpose  of  absorbing  any  sulphuretted  hydrogen  which  might  be 
produced.  As,  however,  in  neither  case  was  there  any  of  that 
I  gas  given  off,  it  was  clear  that  any  loss  sustained  by  the  mate- 
I  rials  operated  upon  must  be  due  to  oxygen  abstracted  from  the 
I  oxide  of  iron  present* 
1        The  loss  actually  was — 


From  geDtly  heated  mixture 
From  strongly  heated  inixturt' 


—  11*40  per  cent 
=     8-50     „ 


Now,  if  all  the  iron  existed  as  protoxide,  and  the  whole  of  the 
oxygen  was  removed  from  it,  the  loss  should  have  been  9*68 
per  cent,  and  2-90  per  cent*  respectively ;  but  as  it  exceeded 
this,  it  is  evident  that  some  peroxide  of  iron  was  also  present.  By 
computation  we  find  that  the  iron  must  have  existed  in  the  fol* 

viz. : — 


lowing  states  of  combination 


Peroxide  of  iron 
Protoxide  of  knti 


KiiTij.oa  lit 
\a>w  Hout. 

17  "14  jM^r  cent. 


4.V30 


33 '90  per  oedt 
M"40      ,, 


Ffitiocd:  At 
White  UeaL 

5*98  per  cent. 

7-72      ,, 

10' 15  per  oent. 


These  experiments  prove  conclusively  that,  both  at  a  high 
temperature,  and  at  one  comparatively  low,  if  sufficient  lime  is 
present,  it  will  exist  in  combination  with  the  sulphur,  and  that 
all  the  iron  must  exist  in  combination  with  oxygen n. 


u 


ifa 
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Oxide  of  Iron  and  Calcium  Sulphide,  Heated  with  Silica. 

A  portion  of  the  same  mixture  as  was  used  in  the  last  expe- 
riments was  heated  to  effect  the  natural  state  of  combiDationi 
and  was  then  mixed  with  sufficient  silver  sand  to  form  with  the 
lime  a  mono-silicate,  the  mixture  being  melted  in  a  clay  cru- 
cible* When  cold,  it  was  found,  as  was  naturally  expected,  that 
sulphide  of  iron  had  formed,  and  had  settled  to  the  bottom  of  the 
crucible,  und  that  a  well-melted,  black,  vitreous  slag  was  on  its 
surface. 

The  sulphide  contained — 


Iran  .         *         .         . 
Solphur  (by  difference) 


The  slag  contained — 


Sulphur 


/d-OO  pet  eeot. 
34*00      M 


0'81  per  cent 


The  reaction  must  therefore  have   been   FeOCaS  -|-  SiO^  = 

FeS  +  CaSiO^, 


Iron  Free  from  SvJphurj  Seated  vnth  Blast  IViffum  Slxt/f 
and  Siliccu 

It  has  been  repeatedly  demonstmted  by  many  observers  that 
when  sulphurous  iron  is  melted  with  ordinary  blast  furnace  slag, 
a  considerable  amount  of  sulphur  is  removed  from  the  iron ;  but 
as  there  has  beeo^  so  far  as  I  know,  no  trial  made  to  ascertain 
the  effect  of  making  such  slag  when  in  contact  with  iron  into  one 
of  a  highly  silicious  character  by  the  addition  of  silica,  the  fol- 
lowing experiment  was  tried  : — 

50  gnus,  of  very  baalc  funi&ce  alag, 

60     „      of  ailica, 

15     ,,      of  sulphur- free  dkst  iron, 

were  mixed  together,  aod  were  melted  in  a  clay  crucible^ 

Tlie  composition  of  the  mixture  of  slag  and  silica  before  melt- 
ing approximated  to  the  following  analysis,  viz. : — 

Lime  and  magnetiu    .....  26*00  per  cent. 

Silica 65*50      „ 

Alumina 7'60      „ 

Sulphur 0-84      „ 
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The  metal  and  slag,  after  fusion,  were  tested  for  sulplmr,  with 
the  following  result,  viz. :— 


I 
I 
I 


Sulphur 


M«t(iJ. 
Beforo.  Alter, 

0-01  per  cent.     0^33  per  cent 


Alter. 
0^1  per  cent     0*12  per  cent 


L 


From  this  experiment  it  would  appear  that  not  only  was  sul- 
phur absorbed  by  the  iron,  but  that  a  considerable  amount  must 
have  been  volatilised. 

It  is  certain  that  in  furnace  practice  no  such  silicious  slag  is 
ever  produced*  This  experiment  is  therefore  only  of  scientific 
interest,  and  the  result  is  what  might  have  been  expected. 

Further  experiments  are  required  to  determine  exactly  at 
what  point  of  silica  saturation  furnace  slags  cease  to  have  power 
to  absorb  sulphur. 

From  the  soda  tank  waste  trials  of  Sir  L.  Bell,  it  would 
appear  that,  in  presence  of  carbon,  the  same  slag  has  greater 
power  to  retain  sulphur  at  high  than  at  low  temperatures.  In 
carefully  considering  the  conditions  which  must  have  existed  in 
these  experiments,  it  is  clear  that,  in  order  to  flux  oS  the  lime, 
a  considerable  amount  of  silicious  matter  must  necessarily  have 
been  present  (a  fact  no  doubt  well  known  to  Sir  Lowthian), 
otherwise  no  separation  of  sulphide  of  iron  could  have  been 
effected ;  for  if  none  was  present,  sulphide  of  calcium  could  not 
possibly  have  been  decomposed,  and  an  increase  of  tempera- 
ture would  of  necessity  have  produced  cast  iron  and  infusible 
lime,  entangled  together,  so  that  the  furnace  would  have  been 
closed  up. 

In  order  to  ascertain  what  result  could  be  attained  in  the 
laboratory,  I  repeated  Sir  L.  Bell's  experiments  as  nearly  as  pos- 
sible, using,  however,  instead  of  tank  waste  and  iron  oxides,  the 
natural  mixture  previously  referred  to,  produced  by  heating  equal 
parts  of  sulphide  of  iron  and  lime  together. 

Two  trials  were  made^ — *one  at  a  low  temperature,  the  other 
at  a  more  elevated  one. 

In  each,  sufficient  charcoal  was  added  to  reduce  the  oxide  of 
iron,  and  of  silica  to  combine  with  the  lime,  and  they  were  both 
smelted  in  plumbago  crucibles. 

The  results  confirmed  those  of  Sir  L.  Bell  exactly ;  sulphide  of 
iron  separated  in  the  case  where  low  temperature  was  employed. 
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and  white  cast  iron,  oontaiuing  91  per  cent,  of  iron,  in  the  other; 
but  a  little  sulphide  remained  undecomposed  on  the  surface  of 
the  caat  iron. 


* 


J%e  Effect  of  MajiganeM  in  IA<j  Bl(ist  Fiimam* 

Ab  has  been  before  stated,  it  would  appear  that  Parry  of  Ebb 
Vale  first  noticed  the  coiucidence  that  when  manganese  oresi 
used  in  a  Wast  furnace,  sulphur  was  exceedingly  low  in  the 
and  correspondingly  high  io  the  slag,     Caron  observed  t)ie  m 
phenomenon,  and  since  then  it  has  been  repeatedly  confirmed,  aadi 
takeu  advantage  of  for  the  purpose  of  making  iron  low  in  sulph 

Akerman,  in  discussing  the  reason  why  manganese  sho 
have  this  vahiable  property,  considers  that  it  drags  sulphur  i 
the  slug  even  more  powerfally  than  calcium  does. 

The  opinion  has  been  expressed  by  another  gentleman  that  i 
manganese  in  pig  iron  abhorred  sulphur,  and  the  two  could  i 
exist  together:  therefore,  as  manganese  waa  the  stronger elen 
it  expelled  the  sulphur. 

Mr.  Snelus  explained  that  it  waa  the  oxide  of   mang 
in  the  slag  which,  combining  with  the  silica,  allowed  the  liuiel 
act  upon  and  carry  off  tlie  sulphur. 

Howe,  discussing  this  question,  says  that  manganese  in  sooM^ 
cases  actually  removes  sulphur  from  iron  (probably  because  i 
phide  of  manganese,  like  sulphide  of  calcium,  is  less  soluble 
metallic  iron  than  sulphide   of  iron)   by  forming  a  compoti 
rich  in  sulphur  and  manganese,  wliicli  liquates  or  separates 
gravity.     This  deduction  of  Mr  Howe  is  evidently  based  on  \ 
results  obtained  by  Caron,  Riley,  Ponsard,  Walrand,  and  Ledcb 
all  of  whom  proved,  that  when  manganese  is  added  to  sulphurou 
iron  in  a  liquid  state,  it  causes  a  separation  of  sulphur  from  iliB 
mixture.     Ledebur  found  that   drop-like  masses   separate  from 
liquid    cast   iron,   and   float   on   the    surface,   where    he   fotind 
much   more   manganese  and   sul])hur   than   in  the  mass  of  tb^ 
metaL     The   correctness  of   Howe's   deductions  has   been 
perfectly  demonstrated  at  the  Hoerde  Works,  where  it  has 
proved  in  practice  that   manganese  does  combine  with  sulphifff 
and  rises  by  gravity,  in  the  state  of  manganese  sulphide,  when 
the  two  '»i«*«ients  are  brought  together  in  fluid  cast  iron. 
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From  the  above  cousiderations,  we  may  safely  grant  that  the 
effect  of  manganese  in  the  blast  furnace  in  removing  sulphur, 
to  a  certain  extent  depends  on  a  portion  of  the  manganese  at  first 
reduced  entering  the  metal,  where  it  combines  with  the  sulphur, 

^and,  leaving  the  metal  again,  carries  it  off  to  the  slag  as  sulphide 
of  manganese. 
There  are  cases  on  record,  given  by  Tucker  and  Harbord,  in 
which  they  found  blast  furnace  metal  containing  large  amounts 
of  both  manganese  and  sulphur  together. 
Sue 


I 


I 
I 


I 

I 


Manganeee 
Siilphnr  , 


?«flrC«iit. 

PerCtnt 

PorC«iit. 

2-26 

2-54 

176 

0-20 

on 

0*42 

Such  a  series  of  metals^  we  must  admit,  is  most  exceptional.  It 
is  possible  that  so  much  sulphur  and  manganese  existing  together 
in  the  same  pig  iron  may  be  accounted  for  by  assuming  that  the 
furnace  in  which  they  were  smelted  was  producing,  on  one  side, 
highly  nianganiferous  iron,  and,  on  the  other,  sulphurous  iron, 
low  in  manganese,  that  perfect  mixing  had  not  been  effected  at 
the  time  the  metal  was  tapped,  and  that  when  they  eventually 
left  the  furnace,  sufficient  time  was  not  given  to  admit  of  the 
separation  of  the  sulphide  of  manganese  before  it  became  solid 
in  the  pigs. 

If  such  iron  could  be  re-melted,  and  allowed  to  remain  fluid 
for  a  sufficient  time,  in  all  probability  separation  would  result. 

Blast  Furnace  Siags^  and  their  Effect  on  Iron  containing  Sidpkur. 


It  is  a  very  well  recognised  fact,  that  the  more  basic  a  blast 
furnace  slag  is — other  things  remaining  constant — ^the  greater 
will  be  the  amount  of  sulphur  found  in  it,  and  that  the  greater  the 
quantity  of  slag,  the  more  perfectly  will  it  retain  the  sulphur. 
As  an  instance,  the  practice  in  Cleveland  may  be  quoted. 

In  making  Cleveland  pig,  the  ore  contains  0^3  to  0'5  per  cent* 
sulphur,  and  the  quantity  of  slag  per  ton  of  pig  thrown  off 
amounts  to  about  30  cwts.,  while  it  is  far  from  being  very  basic ; 
and  yet  the  metal  produced  contains  no  more  sulphur  than 
haematite  iron  made  from  ores  containing  practically  no  sulphur, 
which,  however,  is  produced  with  much  more  basic  slags, 
weighing  under  15  cwts.  per  ton. 

bl892.— ii  Q 
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Sir  L.  Bell  converted  white  iron  into  grey  by  expoBing  it  fori 
long  time  under  the  hot  slag  which  flowed  from  &  furnace  making 
No*  3  iron.  I  do  not  remember  whether  or  not  analyses  of  til 
material  before  aod  after  treatment  are  on  record;  bat  I  ahcmld 
assume  that  the  hot  slag  must  have  removed  the  sulphur  from  the 
white  iron. 

Ledebur  melted  cast  iron  containing  2*33  per  cent  sulphui 
with  mono-  and  bt-silicate  of  lime,  and  obtained  the  followiDg 
result  I'- 


ll <i  PIk' Mot t*d  with 


Sulplmr  in  pif 


oo7y 

V445 


^00 
Percent. 

0-260 


fttO 

0<2S 


No  mention  is  made  of  silicon. 

From  the  above  results  it  will  be  seen  that  the  more 
slags  removed  tlie  greater  amount  of  sulphur,  and  that  limft^ 
a  much  more  powerful  desulphuriser  than  magnesia.* 

Turner  melted  silicious  white  iron  containing — - 


BUicon 
Biilphur 


417 
0^446 


and   found   uo  cUiiuge  by  simply  fusing  it,   but  on  melting : 
under  Clarence  slag,  the  sulphur  was  reduced  to  O'lSG  per  cent 
All  these  experiments  clearly  prove  what  desulplmrising  po? 
slightly  basic  sOicates  possess ;  yet  Janoyer  found  on  the  la 
scale  in  the  blast  furnace  that  *'  when  iron  pyrites  existed 
sensible  proportion  even  with  excess  of  lime,  he  could  not 
duce  good  grey  iron.     The  sulphur  in  the  iron  was  found 
diminish  in  proportion  to  tlie  amount  of  lime  added  or 
2m7*ihm,  but  it  was  impossible  to  add  sufficient  lime  to  efl 
complete  desulphurisation  and  at  the  same  time  produce  a  fusi 
slag,"     Unfortunately  all  the  conditions  are  not  recorded, 
we  are  not  told  what  quantity  of  pyrites  was  actually  pr 
Howe  •  says  that  the  practice  at  the  Illinois  Iron  Works 
that  when  dolomite  (magnesium   limestone)   was    replaced 
calcite  (ordinary  limestone)  less  sulphur  was  found  in  the 
showing  that  lime  is  a  more  e^cient  desulphuriser  than  ma 

•  Howe,  Metailurff^  ofSUei. 
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Magneaiiito   limestone  has  never   been   used   auccesafully  in 

smelting  Cleveland  iron.     Whenever  a  trial  has  been  made  with 

it,  the   iron   has    invariably  chaoged  from  grey  to  mottled  or 

I  white,  and  the  sulphur  has  been  increased  in  the  pig ;  the  slag 

at  the  same  time  changing  in  character  from  a  free  flowing  to  a 

(viscous  material 
In  the  manufacture  of  Bessemer  irooj  magnesium  stone  had 
given  better  results,  but  in  one  or  two  cases,  after  a  trial,  it  was 
abandoned  m  favour  of  limestone.  There  is  no  objection  to  its 
use  in  furnaces  producing  spiegel  and  ferromanganese,  as  the 
manganese  is  sufficient  to  remove  the  sulphur,  and  there  is  an 
advantage,  in  that  the  slags  may  be  exceedingly  basic  and  yet 
not  disintegrate  when  cold. 

From  what  has  been  stated,  it  is  clear  that  by  far  the  moat 
potent  agencies  at  work  in  a  blast  furnace  for  the  removal  of 
sulphur  are  a  sufficiently  elevated  temperature  accompanied  by 
a  sufficient  quantity  of  basic  silicate  of  lime.  So  far  as  I  know, 
.  alumina  is  inert  as  a  desulphuriser,  but  its  presence  in  the  slag 
I  causes  it  to  be  more  fluid,  and  makes  it  possible  to  add  a  greater 
I  quantity  of  lime  without  rendering  the  slag  viscous  and  thick, 
I  and  although  not  a  direct  agent  in  removing  sulphur,  it  assists 
I    indirectly  in  arriving  at  such  a  result. 

^^H  How  tfie  Sulphur  Beliaves  in  the  Blast  I^umace. 

We  must  now  endeavour  to  follow  the  material  containing 
sulphur,  from  the  time  it  is  charged  at  the  top  of  the  furnace, 
till  it  eventually  comes  out  at  the  base.  At  first,  when  the 
temperature  is  considerably  below  redness,  the  sulphates  of  lime 
and  baryta,  if  present^  will  not  be  materially  afifected  ;  when  it 
arrives  at  the  point  where  the  temperature  approaches  redneas, 
these  bodies  will  be  reduced  to  their  respective  sulphides,  and  at 
a  point  below  tliis,  when  the  temperature  is  high  enough  to 
produce  the  lowest  quality  of  white  iron  capable  of  being  fluid, 
whether  at  the  tuyeres  or  at  some  distance  above  (the  distance 
depending  on  the  quality  of  the  iron  being  made),  we  may  pre- 
sume such  fluid  iron  will  have  in  combination  with  it  the 
greater  part  of  the  sulphur  originally  present  in  the  ore,  whether 
it  existed  in  barium  or  calcium  sulphates,  or  as  sulphide  of  iron. 
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As  little  of  the  coke  is  consumed  before  it  comeB  in  contact 
with  the  blast  Dear  the  hearth,  the  sulphur  in  it  in  a  great  meAsoie 
may  be  considered  to  be  locked  up,  and  not  until  the  carbon  i 
burnt  awaj  has  it  a  chance  of  passing  into  the  fluid  iron. 

Now  in  proportion  as  the  temperature  is  more  or  less  elevatl 
80  also  will  the  reducing  power  of  the  coke  or  carlion  be  greatt 
I  or  less,  and  the  higher  it  is,  the  greater  will  be  the  distance  above 
the  tuyeres  at  which  fluid  cast  iron  is  at  first  produced,  and  the 
greater  the  distance  which  such  iron  will  have  to  travel  l>efore  it 
reaches  the  hearth  or  well.  During  such  passage  it  will  be 
exposed  to  higher  and  still  higher  temperatures,  encountering 
everywhere  surrounding  it  hot  carbon,  lime,  and  basic  silicates; 
under  circumstances  like  these  we  can  readily  understand  how 
sulphur  passes  into  the  slag.  If  the  reducing  power  is  sufficient, 
and  the  necessary  quantity  of  lime  or  basic  silicates  is  at  haDd, 
more  or  less  of  these  silicates  will  be  reduced,  the  silicon  uniting 
with  the  iron,  and  the  base  metal  'made  available  for  at  cmoc 
removing  the  sulphur.  In  this  way  it  will  be  seen  the  confr 
tions  which  favour  the  reduction  of  silica  are  also,  if  bases  art 
present  (and  they  almost  invariably  are)  just  the  conditions 
necessary  for  removing  the  sulphun  Probably  the  sulphur  from 
the  coke,  in  a  hot  f uruace,  in  presence  of  ealcai^eous  slag?  sod 
intensely  heated  carbon,  combines  with  the  bases  almost  at  oooc 
and  never  enters  the  metal ;  for  both  free  sulphur  and  sulphurous 
acid,  if  passed  over  a  mixture  of  carbon  and  lime  at  a  str< 
heat,  are  absorbed^  calcium  sulphide  and  carbonic  oxide  result!^ 
On  the  other  hand,  if  the  temperature  is  low,  although  perb 
half  the  sulphur  may  be  retained  in  the  slag,  the  balance  will| 
found  in  the  metaL 

In  making  a  very  low  quality  of  pig  iron,  its  fusion  point 
be  very  near  to  the  tuyeres  ;   for  if  a  furnace  working  in  sud 
condition  is  slightly  cooled  below  the  already  low  temperati 
the  hearth  will  be  closed  up  by  the  solidification  of  the  md 
and  slag,  the  temperature  falling  in  such  a  case  below  the  meltiB 
point  of  the  iron. 

Further  investigations  are  required  to  determine  definitely* 
exhaustively  the  question  as  to  the  behaviour  of  sulphur 
blast  furnace,  at  least  so  far  as  the  chemical  changes  are 
eern^ ' 


I 


I 
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III. — Desulphurising  in  the  Puddling  and  other  Processes 

DEPENDING  ON  THE  ACTEON  OF  FLUID  BASIC  IrON  SILICATES. 

Dr.  Percy  says,  with  regard  to  the  elimination  of  sulphur  in 

the  puddling  furnace,  it  '*  is  always,  as  far  as  my  knowledge 

extends,  very  imperfect.     It  may  possibly  be  oxidised  with  the 

oxygen  of  the  air,  but  some  of  it  appears  to  pass  into  the  cinder 

^  in  the  state  of  sulphide  of  iron  "  * 

Practically  all  other  iovestigators  have  re-echoed  in  substance 
the  views  of  Dr.  Percy,  and  nobody  seems  to  have  given  the 
question  the  serious  consideration  it  deserves. 

Parry  states  "  that  in  his  experience  the  effect  of  puddling  ia 
to  reduce  the  original  sulphur  to  about  one-third/' 

Mr,  Snelus,  in  his  report  on  the  Danks*  process,  has  clearly 
shown,  that  the  amount  removed  in  a  very  great  measure 
depends  on  the  original  quantity ;  we  find  that  when  the 
sulphur  was  exceedingly  low  (0'03  per  cent.),  there  was  no 
eUminatiun  whatever,  but  that  when  the  quantity  refiched  76 
per  cent  the  amount  removed  was  90  per  cent. 

Harhord  has  calculated,  from  the  results  given  by  very  many 
investigators,  that  on  an  average  55  per  cent,  of  sulphur  passes  olT, 
and  that  the  amount  greatly  depends  on  the  quality  of  the  cinder. 

My  own  experience  with  the  ordinary  puddling  process  con- 
firms  exactly  that  of  Mr.  Snelus. 

In  the  old  days  it  was  a  common  practice  to  puddle  iron  con- 
taining from  0*50  per  cent,  to  0*70  per  cent  sulphur,  and  yet 
the  puddled  bar  rarely  contained  O'lO  per  cent,  the  average 
approximating  more  closely  to  0*07  per  cent.,  some  of  which 
must  have  been  in  the  cinder  entangled  in  the  bar,  and  not  com- 
bined with  the  iron. 

On  one  occasion,  during  a  strike  of  limestone  men,  the  furnace 
manager  at  Witton  Park  was  reduced  to  the  necessity  of  sub- 
stituting blast  furnace  slag  for  limestone*  The  result,  as  expected, 
was  pig  iron  charged  with  nearly  the  whole  of  the  sulphur  of 
the  materials,  amounting  to  from  1  to  1'25  per  cent 

It  was  in  fracture  a  fine  silvery  white.  The  silicon  had  re- 
mained normal  (at  1  p^r  cent),  and  had  not  increased  as  it  was 
expected  it  would.     This  pig  puzzled  the  puddler ;  he  could  not 

•  Percy' i  Iron  and  Sted  (pp.  663-666). 


246 


OK  THS  ELIMINATION  OF  SULPHUR  FBOM  IBON. 


get  it  to  ball  up,  and,  as  was  customary  la  those  days,  he  stnidk 
work. 

Some  of  the  bar,  made  after  very  careful  handling  at 
hammer,  contained  a  little  over  0i2  per  cent  of  aulpbur; 
had  therefore  been  an  elimination  of  about  90  per  cent 

L. 

^H  Tlu  IVaskin^  Process  of  Sir  Lowtkian  BdL 

^H  This  process  consisted  in  agitating  together  in  a  suitable  furnace 

^^  molten  oxides  of  iron  and  fluid  iron.     The  following  results  were 

I  obtained  with  the  iron  before  and  after  treatment  {Journal  ( 

[  and  Steel  Institute,  No.  I.  1887) — 


PdrCent 

Gkrfooa 8*264 

Biliooii  1-493 

Sulphur  0118 

Fhoiphori»« 1*5  Id 

Axniitint  of  aulphtar  rauiuvt^d,  7S  p«k  ounl. 


FvOoBt 
1'27« 

0-024 
0-065 


Krupp'a  Process. 

This  process,  very  similar  to  Bell's,  but  patented  two  moDti 
later,  depends  on  the  action  of  an  oxide  of  iron  and  mangauil 
lining,  in  a  rotary  furnace,  upon  molten  iron,  which  action  is  < 
continued  before  the  carbon  is  materially  acted  upon.     Analya 
given    by  Holley   show   tbat   at    Krnpp's   works   the  foUon 
changes  were  effected  : — 

rig  U»rd. 

Carbon  .  3*30  per  <xnl. 

BUieon        . 

Fbcwphorus 


Sulphur 
MAnguiiefie 


089 

074 
009 
2'8J 


3-32    percent. 
0^8      ,, 
O'lOfl      ., 

0029      „ 
0  058      ., 


The  oxides  used  amounted  to  about  14  per  cent  Had  all  1 
sulphur  remained  in  the  slag,  it  should  have  contained  ftb 
042  per  cent.,  whereas  analysis  recorded  only  O-Ot!  per  cent. 

Amount  of  stilphiir  rt^movetl    .         ,         .         6S  per  cent 

The  large  amount  of  manganese  present  in  the  iron  is  prob 
responsible  for  the  elimination  of  part  of  the  sulphur. 

ffmderson's  Process. 

In  this  process,  the  base  or  hearth  of  the  furnace  was  cov«e 
with  a  mixture  of  fluor  spar  and  oxide  of  iron,  both  in  powder;  i 
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upon  this  cast  iron  was  poured.  The  lieat  of  the  metal  loelted  the 
mixture,  which,  passing  upwards,  removed  silicon,  sulphur,  and 
phosphorus,  and  part  of  the  carhon. 

The  amount  of  sulphur  removed  appeared,  by  the  analysis 
given,  to  vary ;  but  indicated  a  sulphur  elimination  between 
nil,  in  very  pure  iron»  to  about  99  per  cent  in  iron  high  in 
sulphur. 

It  would  appear  that,  in  this  process,  the  oxide  of  iron  is  re- 
sponsible for  the  elimination  of  the  sulphur ;  but  it  is  probable 
that  the  fluor  spar  may  have  had  some  effect 

Practically,  then,  all  these  processes  depend  on  the  action  of 
Jluid  oxides  of  iron  or  of  basic  silicates  or  phosphates  of  iron  j  for 
we  may  take  it  for  granted  that  in  these  cases  where  the  liquid 
iron  is  heated  in  contact  with  the  solid  fettling,  the  latter  is 
actually  fused  before  it  can  have  much  effect. 

The  chemical  changes  we  may  therefore  consider  to  be  the 
same  in  each  case. 

We  must  note,  however,  as  before  mentioned  >  that  the  very 
high  percentage  of  manganese  in  the  Krupp  metal  must  have 
itself  effected  a  considerable  desulphurising  action,  and  that  in 
tliis  process  the  oxides  of  iron  are  not  alone  responsible  for  the 
elimination  of  the  sulphur. 

Percy  has  shown  that,  by  heating  sulphide  of  iron  with  per- 
oxide of  iron  in  a  clay  crucible,  the  oxygen,  over  and  above  what 
is  required  to  convert  all  tlie  iron  into  magnetic  oxide,  oxidises 
the  sulphur  which  escapes  as  sulphurous  acid. 

FeS  +  ]  D  Fe.03  -  7  FesOi  +  SO j. 

Aj3  this  result  was  obtained  by  melting  the  mixture  in  a  clay 
crucible,  it  is  probable  that  the  oxides  would  form  silicates  with 
the  material  of  wliich  the  crucible  was  made,  and  is  therefore 
open  to  objection. 

From  another  experiment,  made  in  Percy's  laboratory,  it  would 
appear  that  if  an  excess  of  sulphide  is  melted  with  peroxide 
of  iron,  a  homogeneous  mass,  consisting  of  iron  oxide,  and  sul- 
phide of  iron  dissolved  in  it,  is  obtained.  The  analysis,  unfor- 
tunately, is  not  given. 

Finkener  melted  sulphide  of  iron  and  protoxide  of  iron  in  a 
platinum  boat  in  a  tube   exhausted  of  air ;  *'  the  mixture  was 
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completely  melted  ^  the  platinum  boat  eaten  through,  and  the 
tube  fused." 

Wedding  says  "  that  sulphide  of  iron  in  association  with  mag- 
netic oxide  is  stable,"    ("Basic  Bessemer  Process,"  p.  191.) 

The  most  conclnaive  evidence  as  to  the  stability  of  mixtures  of 
oxides  and  sulphides  of  iron  was  obtained  during  trials  which 
were  made  in  working  the  Hollway  process  of  blowing  air  through 
fluid  sulphide  of  iron  containing  some  copper  in  presence  of  sand 
or  silica* 

When  the  silica  was  deficient  in  quantity,  a  slag  of  the  fol- 
lowing approximate  composition  was  obtained,  which  was  quite 
homogeneous : — 


Iron »  «  .  .  . 
Sulphur  .... 
Silica  .  .  .  , 
Oxygen,  Ac,  by  difference 


Por  CoQt. 

64-11 

15-82 

4-66 

15*42 

lOO-OO 


I 


Analysis  of  the  ordinary  slag,  consisting  (when  almost  fully 
saturated  with  silica)  essentially  of  protosilicate  of  iron,  contained, 
dissolved  and  evidently  combined  in  the  mass,  sulphide  of  iron 
equal  to  from  3  to  5  per  cent,  of  sulphur.  When,  however,  this 
slag  was  oxidised  so  as  to  produce  a  considerable  quantity  of 
peroxide  of  iron,  the  whole  of  the  sulphur  passed  off,  most 
probably  as  sulphurous  acid. 


Slags  Produced 

in 

Working  HoUtmy's  Process. 

ProtoHlUcate. 

ProtoeillcAte 
OxidiBiAl. 

Fvr  Cent. 

For  Cent. 

Silica 

i        30D5 

34  34 

Iron  protoxide  . 

54-62 

25*10 

Iron  peroxide   . 

371 

33'83 

Iron  . 

4-27 

Mfttiganesfl  protoxi*! 

0-37 

002 

AliLUiina   . 

2D6 

l-Sl 

Zinc  oxide 

176 

073 

Copjier  oxide    . 
Lead  oxide 

0^ 

2'3J> 

010 

01)3 

Lime 

037 

0-24 

Hugoe«ia  . 

0-45 

030 

Sulphur   . 

2-55 

0*15 

AneDio     . 

Trace 

None. 

Phoipboric  acid 

... 

01*31 

Oxygen^  kc,  not  eitiraated     . 

... 

1*45 
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The  fact  that  basic  silicates  of  iron  can  dissolve  sulphide  of 
iron  is  evideot  also  from  the  analyses  of  the  puddling  and 
analogous  slags,  nearly  all  of  which  show  the  presence  of  iron 
sulphide  in  amounts  varying  from  0*24  per  cent,  to  3  per  cent 

It  has  been  pro%^ed  by  ParrVj  Snelus,  myself,  and  others, 
that  in  purification  with  basic  silicates  of  iron,  some  of  the 
original  solphur  remains  in  the  slag  as  sulphide  of  iron,  and 
some  of  it  passes  away  as  sulphurous  acid  gas. 

Taking  all  these  facts  into  consideration,  it  would  seem  tliat 
there  can  be  only  two  possible  explanations  of  the  removal  of 
sulphur  from  the  fluid  iron  by  molten  iron  silicates. 

1st*  That  the  attraction  of  the  cinder  for  iron  solphide  is 
greater  than  that  of  the  iron,  and  that  it  is  simply  washed  out 
of  the  iron,  and  in  part  retained  in  the  slag,  the  other  part,  after 
removal  as  sulphide,  being  oxidised  to  sulphurous  acid  by  the 
free  oxygen  always  present  in  the  hearth  of  the  puddling  fur- 
nace, or  by  the  water  vapour  from  the  coah 

2nd.  That  the  peroxide  of  iron  in  the  cinder  acts  directly  on 
the  sulphur  in  the  iron,  oxidising  it  to  SOa. 

In  accepting  the  second  hypothesis,  we  must  assume  either  that 
the  whole  of  the  sulphurous  acid  escapes  (in  which  case  no  sulphur 
would  be  retained  in  the  sla^^),  or  that  it  partly  suffers  redaction 
after  it  leaves  the  iron,  and  by  some  unexplainable  reaction  it 
again  combines  with  iron,  forms  sulphide,  and  dissolves  or  com* 
bines  with  the  basic  silicates. 

An  entleavour  to  ascertain  the  nature  of  these  changes  was 
made  in  my  laboratory,  but  it  was  soon  found  that,  on  a  small 
scale,  it  was  tilmost  impossiljle  in  a  crucible  experiment,  with 
ordinary  fluid  cast  iron  and  ciuder,  to  obtain  satisfactory  results, 
as  the  iron  so  rapidly  begins  to  boil,  and  so  soon  sets  into  solid 
particles.  A  compound  of  the  following  composition  was  there- 
fore prepared,  containing  no  silicon  or  carbon,  but  sufficient 
phosphorus  to  keep  the  mass  fluid  at  a  comparatively  low 
temperature : — 


% 


SulpkO'phmphide  of  Iron^ 
Iron 

Pbospbortut 
Sulphur    . 


9D70 
7*10 
1*S6 


A  basic  silicate  of  iron,  made  by  melting  together  steel  scale 
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from  ft  **  rod  mill/*  and  sand  in  a  clay  crucible,  was  also  pre- 
pared. 

A  small  quantity  of  the  phosphide  waa  shaken  when  liquid 
with  the  fluid  cinder,  in  a  crucible  which  was  removed  from  the 
fire  just  before  the  experiment  was  made.  During  the  agitatioa 
apparently  no  gas  was  given  off,  and  no  odour  of  sulphurous 
acid  could  be  detected. 

After  shaking  for  about  one  minute,  the  still  fluid  contents  of 
the  crucible  were  poured  into  a  mould,  and,  when  quite  cold, 
both  the  cinder  and  iron  were  analysed. 

The  quantity  of  cinder  waa  greatly  in  excess  of  the  sulpho* 
phosphide.     The  analyses  were  as  follows : — 

Cfndtfr.  MoUL 

" .  ^ " . 

BefoTB.          Aflir.  Before,          Aftttr. 

^^                                            Per  Cent,     Per  Cent.  Per  OetiL      Fur  CeaL 

B                SiUpher       .     0-O6           0-27  1*86           0*27 

Judging  from  this  imperfect  experiment,  it  would  appear  that 
no  perceptible  amount  of  SO^  was  evolved,  although  a  consider- 
able amount  of  sulphur  was  removed  from  the  metal.  The  exis- 
tence of  sulphur  in  the  slag,  which,  previously  to  bringing  it  in 
contact  with  the  metal,  was  in  very  small  proportion,  would 
rather  favour  the  theory  that  sulphide  of  iron  is  actually  washed 
out  of  the  metal  and  not  oxidised  directly.  This  question  is 
receiving  more  attention,  and  I  hope  before  long  to  have  more 
reliable  and  conclusive  results  to  place  before  you. 

IV.— Sulphur  in  Acid  Steel-Making  Pbocesses, 

Wedding  (page  143  of  his  work  on  "The  Basic  Bessemer  Pro- 
cess") says:  "  It  is  well  known  that  in  the  acid  Bessemer  process 
sulphur  is  evolved  in  considerable  quantity,  as  sulphurous  acid, 
because  iron  sulphide,  silica,  and  carbon  change  into  carboo- 
silicon-iron  and  sulphurous  acid  In  this  way  from  92*8  per  cent, 
to  97*5  per  cent,  of  sulphur  can  be  removed." 

Sir  L.  Bell,  in  his  '*  Principles  of  the  Manufacture  of  Iron  and 
Steel "  (page  423),  gives  analyses  of  the  changes  which  occur  in  this 
process,  indicating  practically  little  or  no  sulphur  eliminatioUj  and 
I  believe  that  this  conclusion  haa  been  arrived  at  by  other  careful 
observers. 

At  the  various  works  where  I   have  had  the  opportunity  of 
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testing  the  metal  before  and  after  blowiog  in  the  converter,  it  has 
always  been  shown  that  there  was  not  a  less  quantity  in  the  steel. 
I  When  the  metal  is  melted  in  a  cupola  furnace,  preparatory  to 
blowing  it,  sulphur  is  absorbed  from  ilie  fuel  to  the  extent  of  from 
0*01  to  0'06  per  cent,  the  qyautity  depending  on  the  amount  and 
I  quality  of  the  coke,  and  to  a  certain  extent  on  the  proportion  of 
limestone  used  as  a  flux ;  and  it  is  a  fact  that  in  ordinary  Entrlish 
practice,  when  working  in  this  way,  the  stilphur  is  higher  in 
the  steel  than  in  the  original  metal.  Howe  says  that  White,  of 
the  Bethlehem  Steel  Works,  America,  found  more  sulphur  in  the 
steel  than  was  in  the  metal  run  into  the  converter,  no  doubt  due 
to  the  concentration,  and  the  absence  of  anv  elimination. 

Sir  L  Bellj  in  blowing  Cleveland  iron  at  Spennymoor,  found 
no  elimination  of  sulphur. 

Snelus,  at  Dowlais,  in  working  pig  with  0*014  per  cent.,  found 
only  a  trace  in  the  steel.  As,  however,  there  was  practically  only 
a  trace  to  commence  with,  the  conditions  can  scarcely  be  taken 
as  suitable  lor  ascertaining  the  behaviour  of  the  sulphur  in  metal 
blown  in  a  converter. 

Baker,  at  Sheffield,  found  that  the  metal  charged,  containing 
0107  per  cent.,  was  reduced  to  0  0 93  per  cent  at  the  terminalion 
of  the  blow. 

At  Seraing,  metal  containing  3 '75  per  cent  Mn.,  and  0'04  per 
cent,  sulphur,  suffered  no  diminution  of  sulphur  during  conversion 
in  the  Bessemer  converter. 

If  we  take  into  consideration  the  concentration  occasioned  by 
the  combustion  of  some  of  tlie  constituents  of  the  metal,  it  would 
appear  that,  although  the  sulphur  remains  the  same  in  relation  to 
the  mass  of  metal  and  steel,  there  must  be  an  elimination  equal 
to  the  loss  of  metal  in  blowing,  and  this  amounts  to  about  10  to 
11  per  cent  This  elimination  may  be  accounted  for  by  the  effect 
of  manganese  in  the  metal,  either  naturally  present  or  added  with 
the  spiej^el  and  ferro. 

With  regard  to  the  theory  that  silica  oxidises  the  sulphur 
during  the  first  part  of  the  blow,  I  am  afraid  we  must  abandon  it, 
first,  because  in  reality  there  never  is  free  silica  present  when  the 
silicon  is  oxidised,  for  it  is  well  known  that  the  magnetic  or  other 
oxides  at  first  produced  near  the  tuyeres  are  the  main  agents  at 
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work  in  removing  silicon,  and  this  they  do  at  their  own  expense, 
aa  they  are  partially  reduced,  iron  and  silicate  of  iron,  and  not  tm 
silica  resulting ;  and  again,  for  reasons  previously  advanced*  erm 
if  free  silica  was  present^  the  temperature  at  the  early  stage  of  tbe 
blow  is  not  sufficiently  high*  nor  the  time  of  exposure  long  enoQ<|li, 
to  be  at  all  comparable  with  the  conditions  of  the  exper 
made  in  Dr,  Percy's  laboratory-. 


urnace 
at^ 


V. — SULPHTTR  IN  THE  OpEN-HeaRTH   AcTD  PROCBSa 

Snelus,  Hardisty,  and  many  other  observers  have  noticed 
in  the  acid  open-hearth  furnace,  there  is  no  elimination  of  sulp 
but  that  sulphur  is  actually  absorbed  frequently  from  the  furnace 
gases,  and  thereby  materially  increased  in  the  steeL 

My  experience  is  that  in  working  with  the  purest  mati 
containing  only  O'Ol  per  cent,  sulphur^  the  steel  contains 
0'025  per  cent,  to  0*040  per  cent,  sulphur.  Sulphur  is  absorbed 
from  the  sulphurous  acid  in  the  furnace  gases,  and  if  it  is  present 
in  the  ore  charged  to  oxidise  the  bath,  a  portion  at  least  will  j 
into  the  steeL 

Willis  found  that  30  per  cent,  of  the  sulphur  in  ore  cent 
ing  sulphate  of  baiyta  passed  into  the  steeL     (Iron 
Instituk  Journal,  1890.) 

The  silicious  slag  always  present  in  contact  with  the 
metal  approximates  closely  to  what  is  first  produced  in  baming 
out  the  silicon  in  a  Bessemer  converter,  and  the  fact  that  it  liBS 
no  action  whatever  on  the  sulphur  in  the  metal  demolishes 
pletely  the  theory  that  it  has  any  effect  in  that  direction  in  I 
converter. 

Sulphur  in  the  Basic  Processes. 

HeiT  Massenez  and  Professor  Finkener  in  Germany,  and  neiily 
all  observers  in  this  and  other  countries,  are  agreed,  as  indicated 
by  the  analyses  they  have  published,  that  there  is  a  notable 
quantity  of  sulphur  removed  in  the  basic  Bessemer  converter. 

Professor  Finkener  found  that  in  blowing  metal  containing  01^8 
per  cent,  and  1*0  per  cent,  manganese,  in  2  J  minutes  it  W 
educed  to  0*047  per  cent,  after  which  it  steadily  increased 
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to  0*055  per  cent,  at  the  end  of  the  blow ;  but  after  the 
ition  of  Spiegel  and  ferro-manganese,  it  fell  to  0045  per  cent. 
it  Hoerde,  in  blowing  iron  containing  0'42  per  cent,  sulphur^  and 
only  041  per  cent,  manganese,  the  sulphur  was  not  apparently 
nduced  till  tlie  after- blow  was  half  completed,  when  it  was 
ndaced  to  0'26  per  cent.,  and  to  0"15  per  cent,  after  the  addition 
of  Spiegel  and  ferro-manganese. 

At  Eston,  when  ordinary  Cleveland  iron  was  blown,  I  found 
tkt  where  only  0*05  per  cent,  sulphur  was  originally  present,  it 
iBinaijied  constant^  but  that  in  blowing  metal  with  0*16  per  cent. 
lolphor,  it  was  steadily  eliminated  till  it  reached  O'lO  per  cent, 

Knpelwieser  found  that  in  blowing  metal  at  Hoerde  the  sulphur 
increased  as  the  conversion  progressed  from  0152  per  cent,  to 
fr206  per  cent,  but  that  it  diminished  to  0*133  per  cent,  after 
Adding  the  spiegeleisen  and  ferro-mangauese.  At  Witkowitz  he 
found  the  same  amount  of  sulphur  in  the  steel  as  was  present  in 
the  pig. 

Wedding  (p.  1 54)  states  that  at  Creusot,  by  continuing  the  blow 
ifter  the  phosphorus  is  removed,  the  sulphur  in  the  pig  is  reduced 
im  0*2  per  cent,  to  003  per  cent, 

;  C.  H,  fiidsdale  informs  me  that,  after  long  experience^  he 

id  that,  at  the  North-Eastern  Steel  Works,  the  sulphur  on  an 

is  diminished  by  about  0'03  per  cent  from  metal  containing 

0'09  per  cent.,  the  initial  amount  of  manganese  being  about 

r  cent 

Sir  L  Bell  gives  analyses  made  in  his  laboratory  of  the  results 
obtained  by  blowing  white  iron  at  Hoerde,  which  show  an  elimina- 
aoa  of  7*^  per  cent  of  the  sulphur  present  This»  however,  must 
be  taken  aa  exceptional. 

On  examining  all  these  results,  excepting  those  of  Kupelwieser, 
^e  find  that  when  the  proportion  of  sulphur  is  considerable,  the 
mmnt  eliminated  is  much  greater  than  when  it  is  present  in  less 
intoimt ;  thus,  without  taking  into  account  concentration  by  loss 
in  blowing  :— 

WHIiO*l2    per  cent  in  the  pigi  the  steel  oont&iziR  0*15  per  cent.,  or  64  per  ceot.  len* 
.    <W07        »,  „  „  ».  0-85        „        or  78        „        „ 

0*1«0        „  , 010        .,        or  87        ,,        „ 

<H)»  ,,  0-06        ,,        or  33        „        ,, 

(N>5  M  ,*  „  M  005        „       ornuchaitge. 
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Allowing,  however,  for  the  loss  in  blowing,  the  proportions 
given  above  must  be  inoreaaed  by  about  15  per  cent,  more 
lesa. 

Wedding  •  says  the  fact  that  manganege  additions  at  the  teiiu* 
nation  of  the  blow  caused  a  diminution  of  sulphur,  need  not 
create  surprise.  **  since  it  is  well  known  that  the  mangsoiee 
induces  a  removal  of  sulphur/' 

Again,  he  states  that  '*  S  actually  volatilises  from  the  vessel  is 
indicated  by  the  fact  that  the  slags  from  highly  sulphurous  cbups 
contain  no  proportional  increase  of  CaS,  so  that  the  eliminatta!  rf 
S  from  the  metal  eiceeds  what  is  thus  accounted  for  in  the  dag." 

Sidphur  in  the  BcmchSearih  Process. 

Mr.  Harbord,  in  liis  paper  on  the  basic  open-hearth  procen 
'tead  before  this  Institute,  shows  that  in  working  charges  ooni 
ing  high  sulphur,  the  amount  elimiuated  varies  between  45 
cent  and  50  per  cent  :-^- 


Sulplnir 


M«tdL 


Pot  Coot, 

O'lS 
0-40 


Per  Cent, 

0*089 
0-200 


Per  C«ut, 
IS 

60 


Mr.  Haidiaty  has  kindly  given  me  the  following  information, 
obtained  as  the  result  of  his  experience : — 


Mcul  Owi* 

Steel  Cm- 
tnintng 

glfW^lil^^iwt 

[lor  Owit. 

P«f  C«it. 

»ibrC«ni 

Siilptiur        ,     ,     . 

0'22 

0-15 

31 

N                           ♦          .          , 

015 

0-11 

2« 

oao 

0^065 

34 

11                           ... 

0-07 

0050 

30 

»♦                                                r                . 

004 

0*025 

37 

0025 

0015 

40 

83 
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Yet  Wedding*  says :  **  It  is  to  be  noted  that  the  basic  open-hearth 
process  removes  little  or  no  S,  so  that  its  product  averages  rela- 
tively mor^  sulphur  tlian  does  converter  metaL"  This  is  also 
the  experience  of  Mr.  Saniter  and  others.  We  may  therefore 
assume  that  the  results  of  Hardisty  and  Harbord  are  exceptional 
Wedding  also  gives  results,  showing  that  near  the  end  of  the  pro- 
cess, the  sulphur  increases  in  the  case  quoted  from  0  067  per 
cent  to  0'087  per  cent.  He  also  says,  "Apparently  open-hearth 
metal  ie  less  affected  in  its  physical  qualities  by  S  than  converter 
metal" 

In  discussing  the  changes  which  occur  in  the  basic  Bessemer 
process,  Professor  Finkener  states  that  "  it  i^  impossible  to  remove 
sulphur  as  sulphate  of  lime,  for  that  body  is  reduced  by  iron, 
sulphide  and  oxide  of  iron  and  lime  resulting,  and  that  other 
sulphur  compounds,  when  they  are  formed^  are  decomposed  by 
iron." 

Wedding  (p*  154)  says:  '*  If  the  action  of  sulphur  in  the  blast 
furnace  can  be  compared  to  its  action  in  the  acid  and  basic 
Bessemer  process,  it  follows  that  a  sulphur  separation  can  take 
place  with  calcium  and  manganese,  because  the  oxidising  effect  of 
the  oxygen  fails ;  in  the  acid  process  the  oxidising  effect  of  the 
oxygen  adds  to  that  of  the  free  silica,  while  in  the  basic  process 
these  two  conditions  fail,  and  therefore  a  low  sulphur  content  con- 
ditions a  favourable  result," 

Later,  however,  Wedding  says  that  "  in  converting  basic  iron  in 
a  converter,  the  S  is  not  reduced  till  the  after-blow."  He  adds : 
*'  Many  special  investigations  have  proved  that  during  the  dephos- 
phorisation  manganese  returns  to  the  metal  bath,  where  it  effects 
an  elimination  of  sulphur."  f 

Now,  with  all  these  facts  before  us — with  the  theories  of  Wedding 
and  Finkener,  and  the  fact  that  lime  alone,  and  calcareous  slags, 
are  capable  of  removing  sulphur  from  iron,  it  would  seem  that 
what  desulphurisation  is  effected  in  the  basic  process  results  from 
one  or  a  combination  of  four  causes : — 

1.  That  the  manganese  added  in  the  metal,  in  passing  out,  may 
carry  some  sulphur  with  it. 
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2.  That  the  maDganese  reduced  from  the  slag  dariog  dephoi 
phorisation  effects  an  elimioation  of  sulphur, 

3,  That  the  calcareous  slag  in  contact  with  the  upper  en 
of  the  bath  containiug  carbon,  may  absorb  sulphur, 

4  That  some  of  the  manganese  added  in  the  ferro  does 
doubtedly  leave  the  bath  again,  carrying  with  it  a  small  quaiiti 
of  sulphur. 

The  changes  during  elimination  of  the  suJphur  in  the  basic  ] 
cess,  however,  have  not  yet  been  thoroughly  explained,  and 
subject  is  worthy  of  more  attention, 

BoUet's  Process. 

Hollet  has  made  many  and  exhaustive  experiments  to 
phurise  iron.  His  process  consists  **  in  melting  pig  iron  and  maifl 
taining  it  at  a  very  high  temperature  under  a  double  acti 
slightly  reducing  and  slightly  oxidising,  in  the  presence  of  a  i 
obtained  by  admixtures  of  limestone  (or  lime),  iron  ores,  and  fli* 
spar,  in  proportions  depending  on  the  quality  of  the  pig  or  castiagi 
employed." 

He  says  "the  elimination  of  the  sulphur  is  complete  up  to! 
per  cent.,  and  even  more." 

The  process  is  conducted  in  a  jacketed  or  basic-lined  cop 
furnace,  and  coke  is  used  as  a  fuel ;  a  large  excess  of  lime,  and  fr( 
2|  to  4'8  per  cent  of  lluor  spar  is  used,  so  that  the  slag  doesi 
contain  more  than  2  per  cent,  of  silica, 

I  have  not  had  an  opportunity  of  investigating  this 
and  cannot  therefore  explain  why  it  is  that  the  sulphur 
of  the  metaL    As,  however,  both  Mr.  Saniter  and  I  have  found  t^% 
lime  alone  will  desulphurise  iron,  it  is  probable  that  the  ver; 
calcareous  slag  employed  is  in  greatest  measure  responsible  to 
the  elimination. 


VI. — DESuLPHrRisiNG  wvm  Alkaline  Salts. 
HeatorCs  Process. 

This  was  based   on   the  oxidising  action  of  nitrate  of 
upon  which  J  after  being  placed  on  the  base  of  a  suitable  reoei^ 
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and  kept  in  place  by  a  grating  of  iron,  fluid  iron  was  poured. 
The  oxygen  of  the  nitrate  instantly  acted  upon  the  iron,  removing 
some  of  the  phosphorus,  all  the  silicon,  and  nearly  all  the  sulphur. 
Professor  MUer  gave  the  following  results  of  analyses  of  three 
samples  of  metal  produced  at  the  Langley  Mills  under  his  own 
observation : — 


.CTupohfc  Fig. 

Crude  BlceJ. 

8t««l  Ifon, 

Per  Cent, 

Per  Cent. 

Per  C«at 

Cwboo 

2'im 

t-m} 

0-993 

Silicon,  with  Ji  little  lit&tityoi 

'jm) 

0266 

0149 

Solphur.        .        ,        .        .        . 

Cl'113 

0018 

Tmc««, 

Phwphwnii 

l'4r>5 

0*298 

0-292 

Amenic 

0041 

OU^ 

0(>24 

1  Mmi^wieie 

0'31S 

ODOO 

0-088 

Mr.  SneluB  practically  contirmed  Professor  Millers  analysis, 
and  found  a  considerable  quantity  of  sulphate  of  soda  in  the  sla-i, 
resulting  probably  from  the  action  of  the  nitrate  upon  the  sulphur 
in  the  iron.  On  a  small  scale,  in  my  own  laboratory,  I  have 
also  found  that  the  sulphur  is  completely  removed  by  nitrate  of 
soda. 

I  Va  t  'ncrs  Process. 

This  process  is  conducted  in  a  receiver,  similar  to  that  of 
Heaton,  but  instead  of  nitrate  of  soda,  a  mixture  of  ground  lime- 
stone and  soda  ash,  and  small  quantities  of  other  materials,  are 
placed  on  the  bottom.  About  teu  minutes  after  the  metal  is 
poured  in  the  reaction  is  complete  ;  it  is  then  run  out  into  moulds. 

The  following  are  some  of  the  results  obtained : — 


1. 

8. 

ficfora. 

Aitsr, 

Pel-  Cent. 
0-04 
0-70 
77*0 

Before. 

Put  C«nt. 
010 
1-00 

Aftar. 

Per  Cent 
Sulphur                    .                            '  OlS 

SiliooD 1*40 

SiUpbur  removed  . 

P«-C*nt 
010 

0-10 
90-0 

Flames  of  what  appear  to -be  sodium  burst  out  from  the  top 
of  the  vessel;  and  the  slags  contain  some  of  the  sulphur  as 
soluble  sulphides. 

1892.— a  R* 
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Ball  and  Wingkam's  Process. 

These  gentlemen,  in  treating  molten  sulphurous  iron  with 
cyanide  of  potassium,  caustic  carbonate  of  soda,  sodium  feno- 
cyanide  of  potassium,  found  the  following  results,  taking  the 
best  result  of  each  series : — 


De«criptiun. 

MeUl  Containing 
Sulphur. 

Per  Cent. 

Sulphur  Itemond. 

PttrCanL 

With  cyanide  of  potasniuin 

072 

100 

Carbonate  of  soda  and  cyanide  mixed 

0-46 

87 

Carbonate  of  Hrxla  alone 

Ml 

86 

Carbonate  of  wxia  and  caustic  soda     . 

0-26 

92 

Caustic  Doda  alune      .... 

0-72 

88 

Sodium 

018 

100 

VII. — The  Hoerde  rROCESS. 

This  process  having  been  so  recently  described  before  the  Insti- 
tute, it  will  not  be  necessary  for  me  to  more  than  briefly  refer  to 
it.  Practically  it  consists  in  mixing  together  in  a  suitable  "  metal 
mixer,"  pig  iron,  poor  in  manganese  and  high  in  sulphur,  with 
iron  containing  a  larger  percentage  of  manganese  and  little 
sulphur ;  the  manganese  of  the  one  charge  acting  upon  and  com- 
bining with  the  sulphur  of  the  second,  the  sulphur  so  formed 
separates  from  the  metal  and  rises  to  the  surface  by  gravity. 

The  fact  that  manganese,  when  added  to  metal  containing 
sulphur,  causes  elimination  of  that  element,  was  first  noticed  by 
Caron,  who  melted  sulphurous  iron  with  ferro-manganese  (6 
per  cent.),  and  eliminated  by  that  means  90  per  cent  of  sulphnr, 
He  also  confirmed  Parry's  statement  that  manganese  in  the  blast 
furnace  caused  the  absence  of  sulphur  in  the  pig  iron. 

Percy,  discussing  Caron's  remarks  on  the  eflfects  of  manganese 
on  pig  iron,  says,  **  It  would  appear  that  the  Mn  acts  as » 
medium  through  which  the  sulphur  is  oxidised  and  eliminated 
in  the  state  of  SO.,." 

Caron,  however,  is  of  a  diflereut  opinion,  and  concludes  that, 
without  any  oxidising  action,  S  disappears  from  cast  iron  io 
presence  of  Mn. 

Ponsard  states  that  80  to  90  per  cent  of  S  may  be  removed 
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from  pig  iron  by  stirring  fenro-manganese  into  the  ladle  at  the 
time  of  running.  2*6  of  Mn  removes  1  of  8 ;  tho  S  is  found  in 
the  slag. 

Mr.  Ed.  Kiley,  io  1877,  describes  an  experiment  of  his  in  which 
he  melted  cast  iron  containing  0  207  per  cent,  of  sulphur  with  10 
per  cent,  of  ferro-manganese  in  a  crucible,  and  found  that  the 
sulphur  was  reduced  to  0  037  per  cent. ;  "but  I  have  failed  to 
find  any  explanation  as  to  the  change  or  reaction  which  was 
effected. 

Walrand  melted  sulphurous  iron  and  Spiegel  in  separata  cru- 
cibles (the  latter  under  linieX  aud  poured  the  metal  into  the  crucible 
containing  Spiegel,  and,  on  stirring  tbetu  together,  sulphurous  acid 
was  evolved,  and  the  mixture  of  metals  caused  a  reduction  of  the 
sulphnr  from  0*50  to  0*06  per  cent. 

The  accompanying  diagrams  were  constructed  from  investiga- 
tions made  at  the  Hoerde  Works  by  Ilerr  Masseuez,  Mr.  E,  H, 
Cook,  Mr  C,  H.  Ridsdale,  and  myself:— 


Analyses  of  Metals  BEFoaK  and  after  Passing  thb  Mixer 
AT  HoBRDir,  March  1892. 


By  Mr.  E.  H.  Cook, 


I 


lion 

Oombined  carbon 
Mftngane«« 
Silicon 
Sulphur    , 
Phoapborus 


Total 


Metal  f 

torn Thruc  Ftirnacea. 

Percent 

Per  Ceat 

PterCflftt 

n-m 

03*40 

91-18 

300 

2-80 

3-05 

172 

1-30 

2*50 

0-46 

0-2(} 

0-80 

Olf. 

0-20 

0-08 

'         2<^2 

210 

2-39 

lOO-OO 

100-00 

100-00 

Altar  Fawlnf 

Through  Jdlxor. 


Per  OeBf. 
02-41 
Si)6 
l*flS 
0-69 
004 
2*13 


100-00 


Mixer  Sla(f. 

Per  Cent 

Sfllca 82"30 

Iron .        .  ,       6*80 

MiLTi^aneBe  .........     3S*4€ 

Sulphyr 5*75 

The    following    experiment  was    nmde    in    my  laboratory  to 
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verify  the  statement  of  Herr  Massenez.  One  hundred  parta  of 
ferro- manganese  and  a  quantity  of  sulphide  of  iron,  bath  in  fioe 
powder,  were  melted  together  in  a  plumbago  crucible.  Aft«! 
fusion  and  coolings  the  crucible  was  broken  and  the  contenia 
were  examined*  On  the  surface  of  the  metal^  scoria  was  fotuuL 
containing  56  per  cent,  of  manganese.  28  per  cent,  of  sulphur, 
and  1  per  cent,  of  iron.  The  metal  contained  only  0*02  per  cent 
of  sulphur,  which  demonstrated  most  conclusively  that  the  re- 
action had  been  according  to  the  following  equation : — 

Fe9^Mn  =  MnS  +  Fe, 

Ordinary  foundry  iron  containing  manganese,  after  melting  ia 
a  cupola,  and  pouring  into  large  moulds,  in  which  it  remainatorl 
a  considerable  time  in  a  fluid  conditou,  is  liable  to  have  a 
centration  of  sulphide  of  manganese  near  the  highest  or 
elevated  part  of  the  casting.  This  fact  was,  I  believe, 
noticed  by  my  former  assistant,  Mr.  Harold  Ridsdale,  who 
rae  the  following  analyses  of  the  upper  and  lower  part  of  a 
ingot  mould,  viz, : — 

Dfpcr  PttTt,  Lower  F»ii, 

Sulphur      ,         .         .     0-75  per  cent.         0*112  per 
M«ngAD«Be  .1*35        „  0*547 

Strange  to  say,  this  large  quantity  of  sulphur  and  maoga 
did  not  cause  the  metal  to  be  white,  from  which  it  may 
assumed  that  when  the  manganese  and  sulphur  dissolved 
metal  are  combined  together,  they  do  not  exert  the  same 
fluence  in  preventing  the  carbon  assuming  the  graphitic  condid 
as  when  in  combination  with  the  iron. 


VIIL — Saniter's  Process. 

Essentially  this  process  of  desulphuri&ing  metal  or  steel 
the  basic  open  hearth,  consists  in  the  use  of  about  ^  cwt 
crude  calcium  chloride  per  ton  of  steel  (which  is  added  to 
furnace  when  the  charge  is  melted),  in  conjunction  with  an  en 
of  lime  over  and  above  what  is  usually  employed 

So  far  as  the  working  of  the  charges  is  concerned  in 
respects,  there  is  no  deviation  from  ordinary  practice. 

The  amount  of  limestone  added  with  the  pig  and  scrap 
greater  than  in  ordinary  work,  and  as  soon  as  the  whole  of  thai 


Lime. 

Per  Cent. 

Lime   . 93  00 

UM^a^x%    .                                           .....  1*05 

AhunmA  0*55 

Penucide  fif  iruu  trace 

SOin 1-25 

Snlphtiric  acid      ...                  .         .  0*10 

V  by  calciantiou      ....                                   ,  4'05 

Total                 ...  lOO'OO 
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8lag9. 


Befd'Sding  '  ^^%^'^^       Steal  an. 


! 


Lime   .... 
Chloride  cyf  oaleiuiu 
Iron     .... 
Protoxide  of  manganehe 
SUica  .... 
PboAphoric  acid  . 
Sulphur 


F^Cent. 
58-50 


Percent 

54-65 

770 

2-20 

2-80 

10-75 

10-81 

1-25 


FvOnL 
48-98 

1^ 
10-80 

5-01 
lOiO 
12-30 

0^ 


Sulphur  removed  in  \\  hours  after  adding  chloride  of  oalcium  =  73  peroent 
Total  aulphur  removed z  87     » 

On  August  9,  1892,  I  watched  a  charge  of  metal  worked  i 
the  Wigan  Works,  and  the  following  are  the  analyses  of  th 
products : — 

Furnace  1),  1121,  August  9,  1892. 


From  Charge 
after  Melting. 


Lime 

Calcium  chloride    . 
Magnesia        .... 
Protoxide  of  mangaiieKe 
Peroxide  of  irou 
Protoxide  of  iron   . 
Alumina         .... 

Silica 

Sulphur 

Phosphoric  acid 
Not  determined 

Total       .  .        .1 

Less  oxygen  of  lime  combined  ) 
withS    .         .         .         .         1 1 

Total       .... 


Per  Cent. 

42-42 

Trace 
5-11 
7-18 
2-43 
4-63 
2^ 

19-45 
0-28 

15-34 
1-02 

100-14 
014 


One  Hour 

after  Adding 

Calcium 

Chloride. 


100-00 


Per  Cent. 

44-34 
6-65 
4-61 
3-20 
2-28 
3-34 
1-65 

14-45 
0-68 

IS-GO 
0-81 


100-26 
0-26 


100-00 


TiDMOf 

TsppiBf. 


Percent 

47-86 
1-66 
4"03 
837 
4-57 

10-41 
1-78 

11-75 
0-57 

13-78 
•65 


100-28 
0-28 


100-00 


Mdals. 


Carbon    . 
Manganese 
Silicon    . 
Sulphur . 
Phosphorus 


Sulplmr  removed  one  hour  after  adding  chloride  of  caleium  =  52  per  «0Bi 
Total  amount  of  sulphur  removed =  67       n 


Ecmoval  of  Sulphur  from  Fluid  CaM  Iron. 


Tliia  process  is  similar  to  those  of  Heaton  and  Warner,  bot 
instead  of  using  alkaline  salts,  a  mixture  of  lime  and  chloride  of 
calcium  is  employed.  With  Mr.  Saniter's  consent,  I  saw  a  charge 
of  iron  treated  on  the  9th  of  August,  and  I  analysed  the  metal 
before  and  after  passing  through  the  purifying  process. 

As  the  metal  at  the  furnaces  at  the  time  of  loy  visit  was  of  a 
rich  character,  and  almost  free  from  sulphur,  I  was  informed  tliat 
it  was  not  suitable  for  desulphurising ;  but  I  pointed  out  that 
in  all  purification  processes  it  is  the  last  traces  which  are  most 
difficult  to  remove,  and  that  if  sulphur  was  removed  in  any 
amount  whatever  from  iron  containing  less  than  0'05  per  cent 
sulphur,  we  should  have  confidence  in  believing  tliat  a  greater 
proportion  would  be  removed  from  more  sulphuious  material.  It 
was,  therefore,  arranged  to  make  a  trial  with  the  iron  just  as  it 
was. 

Por  this  purpose  about  70  lbs.  of  crude  chloride  of  calcium, 
containing 


DflfortptloiL. 

Drlod. 

As  Rftcrfvod, 
Crude. 

Cdcium  chloride 

Magnesium  chloride  . 

Insoluble  reflidue 

Sulphate  of  lime 

Water 

For  Cont. 

%vm 

0-25 

0-16 

truce 

2-00 

Par  Cent 

70-27 

0^8 

Oil 

fcface 

29-44 

100-00 

100*00 

was  mixed  in  powdered  state  with  60  lbs.  of  crushed  lime, 
and  the  mixture  was  placed  on  the  bottom  of  an  ordinary  ladle 
lined  with  fire-bricks.  The  ladle  was  heated  before  the  mixture 
was  added. 

Some  pieces  of  wood  were  thrown  on  the  surface  of  the  mixture 
to  prevent  the  stream  of  metal  which  was  afterwards  poured  into 


264  ON  THE  ELIMINATION  OF  SULPHUS  FBOM  IRON. 

the  ladle  from  passing  under  and  through  it     This  I  was  infoimed 
was  not  usually  done. 

When  the  blast  furnace  was  tapped  the  first  portion  of  metal 
run  was  directed  into  the  ladle,  which  it  nearly  filled  (2J  tons). 

As  soon  as  the  metal  passed  into  the  ladle,  flames  and  fumes 
were  copiously  given  off.  The  flames  were  no  doubt  due  to  a 
certain  extent  to  the  effect  of  the  heat  on  the  wood  ;  but  the  water 
added  in  the  chloride  of  calcium  must  have  been  decomposed,  and 
the  hydrogen  liberated,  which  of  course  burnt  at  the  top  of  the 
metal.  Fumes  of  hydrochloric  acid  were  also  detected.  The 
action  seemed  to  be  very  energetic,  and  only  lasted  for  about  duee 
minutes.  'i^ 

The  slag  on  the  surface,  and  the  metal  below  were  both  quite    j 
fluid,  and  the   latter,  as  soon   as  the  reaction  had  ended,  was 
poured  into  moulds  on  the  pig  bed. 

No  skull  was  left  in  the  ladle,  and  apparently  the  "mixture" 
had  very  little  chilling  efTect  on  the  metal. 

The  metal  before  and  after  treatment  was  sampled,  and  analTses 
made  in  my  laboratory,  with  the  following  result :  — 


MeUl  Before 

Metal  After 

Treatment. 

Treatment. 

Per  Cent 

Per  Cent 

Sulphur 

0-036 

0-012 

Manganese     . 

above  2  per  cent. 

Sulphur  removed  . 

.     66  per 

cent. 

It  is  unfortunate  that  the  sulphur  was  not  higher,  and  the  man- 
ganese less,  as  it  is  impossible  to  say  in  this  experiment  whether 
the  desulphurisation  was  eftected  by  the  managanese  or  the 
"  mixture."  Mr.  Saniter  informs  me,  however  (and  I  have  no 
reason  to  think  differently),  that  on  an  average  above  70  per  cent 
of  the  sulphur  is  removed,  even  when  manganese  is  absent 

It  is  worthy  of  note  that  in  the  slags  containing  calcium  chloride 
and  lime,  there  is  little  or  no  tendency  for  sulphur,  when  present, 
to  pass  into  the  steel,  and  that  in  consequence  ores  such  as  purple 
ores  (containing  a  considerable  quantity  of  sulphur),  can  be  used 
in  the  open-hearth  process  without  danger.  In  other  words,  the 
slag  may  be  highly  charged  with  sulphur  without  any  of  it  escaping 
into  the  steel. 
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bos  the  analysis  of  the  slag  from  the  first  charge  examined 
'  me  at  Wigan,  when  it  was  treated  by  Saniter's  process,  shortly 
after  adding  the  chloride  of  calcium,  showed  1*25  per  cent  of 
sulphur. 

Judging  from  the  fact  that  by  this  process  above  70  per  cent 
of  sulphur  can  be  remo%"ed  from  the  charge  of  metal  in  an  open- 
hearth  furnace,  and  from  liquid  metal  at  a  comparatively  small 
cost,  it  appears  to  me  it  is  a  valuable  discovery,  and  likely  to  be 
of  great  use  to  the  iron  and  steel  manufactures. 

The  following  experiments  were  made  to  ascertain  the  nature 
of  the  chemical  changes  which  occur  during  desulphurisation  in 
tbis  process. 


S}dpkur(ym  Iron  heated  mi  Carbon  under  a  MUture  of  CaCl^  +  CaO, 

I     Five  grams  heated  in  a  brasqued  crucible  for  one  hour  to  white* 
I  yielded  metal  containing  : — 


^ 


Bef»ro, 

A  tier. 

EUiQliitt^d. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

0-41 

0011 

97 

Sulphur 

be  sulphur  was  in  the  slag, 


Before, 

Pter  Cent 

0-41 


Elimfnated. 

PerC«iit 

100 


Sulphur 


wrcu9  Iron  henUd  in  a  Lifm4ined  Crmihle,  under  a  Mixture 

to/  CaCl^  +  CaO, 
?e  grams  were  simply  melted  under  an  excess  of  calcium 
ide  and  lime, 

^k^^rmts  Iron  washed  wiih  a  Midm'€  of  80  per  cent*  CaCl^ 
^^^B  and  20  per  cen^,  CaO. 

HDne  hundred  grams  of  very  sulphurous  metal  was  poured  into 
WiJiitnbago  crucible  containing  an  excess  of  molten  oxy chloride 
Ifree  from  sulphur),  and  the  conteots  were  gently  shaken  together 
fcf  oae  minute,  after  which  they  were  poured  into  a  mould. 


^ 


fiefore. 

After. 

Elimlniited. 

PerCenL 

Per  Cent. 

Ver  *  ^ent 

1  86 

0-Oi 

98 

Sulphur 
The  dag  contained  i'Q2  per  cent,  sulphur. 
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Iron  hmied  with  CeUcium  Chloride. 

I  have  heated  iron  driUiDgs  to  bright  redness  under 
chloride  of  calcium  in  a  platinum  capsule  for  different  periods  of 
time,  and  have  observed  that  the  iron  remains  quite  bright  at 
first,  and  that  flakes  of  specular  oxide  of  iron  are  formed  in  the 
liquid  chloride,  but  that,  as  the  heat  is  prolonged,  a  coating  of 
oxide  is  formed  on  the  surface  of  the  iron. 

This  experiment  proves  tliat,  when  exposed  to  the  air.  chloride 
of  calcium  has  a  distinct  action  on  iron  when  thejr  are  both  at  such 
a  temperature  as  will  keep  the  chloride  perfectly  fluid,  the  irou 
being  well  below  tbe  surface  and  not  exposed  to  direct  oxidation. 

The  presence  of  flakes  of  specular  oxide  would  favour  the  theory 
,  that  chloride  of  iron  is  formed,  and  its  vapour  afterwards  decop- 
Iposed  by  the  lime  of  the  chloride. 

The  oxidising  action  on  iron  is  greatly  accelerated  if  a  small 
proportion  of  lime  is  mixed  with  the  chloride.  In  such  a  umtm 
the  iron  is  rapidly  coated  with  a  layer  of  oxide  of  iron. 

Chloride  of  Caldmn  healed  in  corUcLci  with  air. 
When  chloride  of  calcium  is  heated  in  contact  with  air  coutaift- 
ing  moisture,  free  hydrochloric  acid  and  lime  are  produced.  The 
following  results  show  the  composition  of  the  chloride,  before  an<i 
after  heating  for  one  hour  in  an  open  platinum  capsule  freely 
exposed  to  moist  air : — 

f  am  CUIoride. 
Percent. 

Calcium  chloHde         .        .                 lOO'OO  85 -ei 

Cifclcium  oitide  (lime)  .        .  14*89 


After  Heftituf  for 
Ono  Hol^'. 
Per  C«oL 


100-00 


10000 


The  mixture  above  mentioned,  containing  14  per  cent.  iii»i^' 
was,  when  heated,  quite  fluid  and  transparent,  proving  that  the 
compound  consisted  either  of  chloride  of  calcium  with  lime  ^ 
solution,  or  an  oxychloride  of  calcium. 

Calcium  Chloride  melted  loiih  Sulphur. 
Calcium  chloride  melted  in  a  plumbago  crucible  with  an  excei* 
of  roll  sulphur  only  absorbed  0  219  per  cent,,  indicating  that  pra'^' 
tically  it  is  incapable  of  absorbing  sulphur  per  se. 
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Sulphide  of  Iron  melted  with  Calcium  Chloride, 

Fhen  equal  weights  of  these  substances  were  melted  together, 
Seiulplude  separated,  but  the  chloride  retained  0*429  per  cent 
of  soIphoT,  and  2*9  per  cent  of  iron. 


Stdpkide  of  Iron  mctted  ivith  Lime  and  Calcium  Chloride. 

BulphiJe  of  iron  melts  readily,  and  dissolves  in  oxychloride  of ! 
bium,  into  an  apparently  homogeneous  mass,  from  which  there 

to  be  no  tendency  for  sulphide  of  iron  to  separate. 
Prom  the  experiments  referred  to  in  speaking  of  the  behaviour 
lulphur  in  the  blast  furnace,  it  has  been  shown  that  lime  and 
phiiie  of  iron,  on  heating,  change  to  oxide  of  iron  and  sulphide 
d  calcium.     The  compound  alx)ve  described  may  therefore  be 

IIBidered  as  calcium  chloride,  with  those  bodies  in  solution. 
I      Sulpkurotis  Iron  melted  with  Calcium  Chloride  alone. 
On  keeping  these  bodies  togetijer  in  a  molten  condition  for 
iudf  an  hour,  the  metal  lost  31  per  cent  of  its  sulphur,  being 
icdoced  from  0*40  per  cent,  to  0*274  per  cent. 

Calcium  chloride  loses  chlorine  on  lieating  in   air,  lime  and 

■NcUoric  acid  being  formed ;  it  is  possible,  therefore,   that 

w  the  last  experiment  the  free  lime  was  responsible  for  what 

(lur  was  removed  from  the  iron. 
ve  grams  of  iron  were  placed  on  the  bottom  of  a  braaqued 
Me^  and  covered  with  five  grams  of  lime.     The  mixture  was 
cipoaed  to  a  white  heat  for  one  hour.     The   iron   before   and 
ifier  treatment  had  the  following  composition : — 


Sulphnrom  Iron  heated  with  Liwx  and  Charcoal. 


Cvbon 
Silicon 
Sulphur 
Pbotphoma 
MangiiDefle . 


Before, 
Per  Cent. 
2-04 
0-14 
0-40 
2-14 
045 


Per  Ctfnt 


0-025 


Per  Cent. 


94 


Solphur  was  found  in  the  adhering  lime. 
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Sulphurous  Iron  heated  with  Lime  alone. 

Five  grama  were  placed  on  the  bottom  of  a  lime-lxQed  crucible, 
and  were  covered  with  lime.  This  was  heated  to  whiteness  for 
two  hours.     The  metal  contained,  before  and  after  treatment:- 


Obrboa 

Before. 

r«T  ObjiL 

204 

After. 

Pffr  Cotit 

0S5 

BUmlmilod. 

PerCtttL 

Sulphtir 

0-40 

tr»ee 

100 

The  lime  contained  sulphide  of  calcium. 

This  experiment  clearly  proves  that  lime  alone  is  capable  of 
removing  sulphur  from  iron ;  it  seems  probable,  therefore,  that 
if  liquid  iron  was  to  be  agitated,  with  solid  lime,  at  a  temperature 
above  the  melting-point  of  the  iron,  so  that  fresh  surfaces  of  lime 
and  iron  should  be  continually  exposed  to  each  other,  a  more 
rapid  elimination  would  obtain.  To  ascertain  if  this  was 
case,  a  large  plumbago  crucible,  six  inches  in  depth,  was  £ 
with  pieces  of  lime  between  j-inch  and  i-inch  in  diameter.  This 
was  placed  in  a  furnace  and  heated  above  the  fusion-point  of 
cast  iron;  a  small  quantity  of  fluid  iron  was  poured  into  it,  and 
after  shaking  the  crucible  for  five  minutes  (to  allow  the  metal  to 
trickle  to  the  bottom),  the  fluid  iron  was  poured  out  and  after- 
wards analysed,  and  was  found  to  contain — 


lore    . 


Before. 

After, 

Sulphur,  05 1  per  o«iit. 

0  27  per  cent 

„        removed                 = 

47       „ 

'et  kH 


K 


These  results  would   lead  us  to  believe  that  if  a  tower 

column  of  lime  suflSciently  tall  could  be  maintained  at  a 
ciently  elevated  temperature,  the  wliole  of  the  sulphur  would  be 
removed  from  a  stream  of  sulphurous  iron  if  it  was  allowed  to 
simply  gravitate  through  it. 

It  is  not  suggested  that  any  practical  attempt  should  be  mAde 
in  such  a  direction,  for  more  simple  and  less  expensive  methods 
are  available,  but  rather  to  indicate  that,  by  subdividing  a  stream 
of  metal,  and  exposing  the  largest  possible  surface  of  it  to  cka^ 
and  non-saturated  surfaces  of  solid  lime,  sulphur  would  probabl; 
be  more  rapidly  removed  than  is  the  case  when  a  mass  of  meti'l 
is  heated  in  contact  with  the  same  surfaces  of  lime. 
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How  Lime  removes  Sulphur  from  Coat  Iron. 

In  the  reducing  conditions  of  a  blast  furnace,  it  can  readily  be 
understood  that  the  lime  is  reduced  and  made  available  to  com- 
bine with  sulphur,  for  carbon  exists  in  large  quantities,  and 
carbonic  oxide  is  predoniinant.  The  action  of  free  lime  without 
the  accompanying  conditions  is  not  so  clear,  unless  the  metalloids 
present  in  the  iron  itself  are  the  agents  responsible  for  the  reduc- 
tion of  the  lime,  for  it  must  be  remembered  that  in  aU  cases 
where  lime  at  high  temperature  has  acted  on  sulphurous  iron,  the 
sntpbuT  removed  has  been  found  in  combination  with  calcium, 
and  some  agent  must  therefore  have  been  at  work  to  remove 

K^n  from  the  lime  before  it  could  combine  with  the  sulphur. 
ould  appear  also  that  sulphate  of  lime  could  not  possibly  be 
lomied,  as  it  cannot  exist  in  presence  of  iron  at  a  high  tempera- 

»In  the  experiment  given  previously,  in  which  sulphurous 
was  heated  with  lime,  it  will  be  noticed  that  the  carbon,  as 
wall  as  the  sulphur,  was  removed,  the  carbon  having  been  re- 
duced from  2*04  per  cent*  to  0*35  per  cent  This  shows  most 
clearly  that  more  had  been  removed  than  was  sufficient  for  the 
reduction  of  the  lime  to  calcium  required  by  the  Bulphur.  Now 
ihis  was  rather  puzzling.  It  was  thought  possible  that  this 
uoeaaiTB  oxidation  might  be  caused  either  by  some  CO.,  in  the 
liffie  used,  or  by  oxidation  by  the  gases  from  the  furnace,  which 
might  have  entered  through  the  porous  lime  in  the  crucible.  An 
experiment  was  arranged  so  as  to  avoid  these  objections.  For 
thii  purpose  a  plumbago  cnicible  was  first  lined  with  lamp-black, 
^n  three-parts  filled  with  lime,  mixed  with  benzole  to  enable  it 
to  be  moulded  into  shape,  and  three  small  pockets  formed  in 
JjipgiUar  position,  after  which  the  crucible  with  its  contents  was 
ed,  at  first  gently,  and  afterwards  at  a  white  heat  in  air,  so  as 
ttrn  out  the  benzole  and  carbonic  acid. 
den  cool,  five  grama  of  sulphurous  white  iron  was  placed  in 
cket,  five  grams  of  grey  iron,  containing  sulphur  and  man- 
in  the  second,  and  the  same  quantity  of  iron,  free  from 
bur  and  silicon,  in  the  third.  About  one  inch  of  lime  was 
placed  oter  these,  and  over  the  lime  a  second  layer  of  lamp- 
Wiek.     A  plumbago  lid  was  then  fixed  on  the  crucible,  which 
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was  placed  with  its  contents  ia  a  furnace,  and  there  maintamed 
for  two  hours  at  a  white  heat. 

The  metals  were  all  fused,  and  adhered  most  closely  to  th«j 
lime,  which  had  to  be  removed  by  acid  before  they  could 
Bted. 

During    this    cleaning    process,    snlphuretted    hydrogen  wm' 
evolved,  as  the  lime  adhering  to  those  metals  which  originally 

Dntained  sulphur  passed  into  solution.     The  metals  before 
after  tliis  treatment  had  the  following  composition: — 

Belurt'.  Aftir, 

3-91  1-75 

0*55  041 
0*14  niL 

O'Ol  liAoe. 

A  second  trial  was  made  with  the  sulphurous  grey  and  white 
iron,  but  in  this  case  the  drillings  of  the  grey  iron  were  mixed 
with  the  lime,  so  as  to  expose  a  large  surface  of  the  metal  to  the 
action  of  the  base.  The  time  of  exposure  was  less  for  the  grey 
iron  than  tor  the  white.  Tlie  metals,  before  and  after  treatmeut^ 
had  the  following  composition  : — 


WtaitalloUL 

JMliGlNi 

After. 

BcTof*.           An«r. 

FtrCtel. 

PvpOvfiL 

PirOtnt     P«rC<«t 

Cmthtm  . 

.     204 

1-30 

3*40             1-75 

Mangmeie 

.     OiS 

0*41 

1-72            0*88 

SUicon   , 

.    0*14 

oil. 

210            nil 

Sulphur . 

,     0-40 

ti^ce 

0'S6            0*04 

White  Iron. 


Carbon 
Siliooa 
MangAneae . 
Sulphur 


Btifura. 
Per  Cent 
2*04 
0^4 
0*45 
0'40 


Aft*r, 

Per  Cent 

trace 
O'OS 


Bsfora. 
P«r  CenL 
3*40 
2'10 
1*72 
0*86 


Grey  Iron, 


After. 

Por  CeiiU 

320 

OlS 

s-oi 

0*14 


Now,  judging  from  these  results,  it  would  seem — ^ First,  that  the 
metalloids  in  the  iron,  during  their  remoTal,  may  have  effected 
the  reduction  of  the  calcium  oxide,  and  the  calcium  have  then 
combined  with  the  sulphur ;  second,  that  some  energetic  oxidi^ 
ing  iofluence  or  agency  must  have  been  at  work,  which  was  not 
inlluenced  by  the  aolphnr  present ;  for  not  only  were  the  carbon 
and  silicon  removed  from  the  sulphurous  irons,  but  a  great  part 
of  these  bodies  was  oxidised  from  the  white  iron  which  contained 
no  sulphur. 

When  we  consider  that  the  lime  was  completely  surrounded  1? 
an  envelope  of  carbon,  and  that,  owing  to  the  porous  character 
of  the  lime,  carbonic  oxide  must  have  passed  freely  through  the 


I 
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mass,  and  the  reaction  have  been  in  presence  of  that  gas,  and 
therefore  in  a  strongly  reducing  atmosphere,  it  is  amazing  that 
such  powerfully  oxidising  influences  were  at  work  as  to  remove 
so  much  silicon  and  narbon,  tlie  only  substances  present  Wmi; 
pure  lime  and  carbonic  oxide.  We  know  well  enough  that  car- 
bonic oxide  is  reduced  by  silicon,  silicon  and  carbon  resulting ; 
and  if  this  reaction  took  place,  we  should  have  expected  that  the 
carbon  would  have  been  present  in  increased  proportion  in  the 
metal ;  but  as  this  was  not  the  case  (that  element  being  mate- 
rially reduced),  we  are  at  present  at  a  loss  to  account  for  the 
cause  of  the  oxidation,  unless  we  assume  that  the  lime  itself  is 
responsible  in  some  way  for  the  oxidation. 

Another  remarkable  feature  in  these  trials  is  that,  contrary  to 
all  previous  experience  as  to  the  relative  oxidation  of  silicon, 
manganese,  and  carbon,  in  the  latter  trial  the  manganese  appears 
to  have  been  but  slightly  affected,  whilst  the  silicon  is  completely 
removed.  It  would  appear  that,  under  the  conditions  of  these 
experiments,  silicon  is  almost  completely  eliminated  before  the 
manganese  is  oxidised. 

These  results  certaiuly  open  a  large  field  for  research,  which 
we  must  follow  up  before  a  true  explanation  can  be  given  of  the 
chemical  reactions  involved. 

Now,  judiijing  from  the  fact  that  chloride  of  calcium  alone  has 
little  power  in  removing  sulphur,  it  appeared  probable  that  its 
elimination  was  nminly  due  to  the  effect  of  the  lime  dissolved  in 
it,  and  that  if  this  was  so,  sulphur  would  be  elimiuated  in  all 
cases  if  a  liquid  agent,  containing  free  lime,  or  lime  loosely 
attached  in  such  liquid,  was  brought  into  contact  and  agitated 
with  molten  iron. 

In  order  to  check  this  theory,  sulphurous  iron  was  melted  in 
contact  with  the  fusible  compounds  of  lime  and  calcium  chloride, 
fiuor  spar,  boracic  acid,  and  magnetic  oxide  of  iron,  respectively, 
all  of  which  dissolve  or  combine  with  an  excess  of  lime.  Chlo- 
ride of  calcium  stands  pre-eminently  in  the  first  place  as  a  solvent 
of  lime,  fluoride  of  calcium  comes  perhaps  second,  borate  of  cal* 
cium  third,  magnetic  oxide  perhaps  next,  last  of  all  silicate  of 
lime.  Silicate  of  lime  is  capable  of  combining  with  a  consider^ 
able  excess  of  lime,  but  it  is  perhaps  open  to  question  whether 
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exceedingly  basic  funmce  skgs  do  contaio  the  lime  id  solati 
or  feebly  chemically  attached  to  the  silica.     It  has,  howe 
been  conclusively  demonstrated   that  siich    calcareoQs  slags 
remove  sulphur  from  iron,  and  tliat  lime,  whether  in  &oltition  or 
combined  in  them,  is  readily  available. 

The  result  of  simply  melting  together  iron  containing  snip 
and  the  above-mentioned  calcareous  compounds  was  as  follows s 


Before. 

After. 

PlhniDll^ 

rflrCsnt 

I'er  Cent. 

PerOBBt 

Ca^I  irun  with  C*Ci  ^  CaO       . 

.     0'40 

trmoe 

100 

„       with  CaFl,  +  C*0      . 

.    0-40 

0-027 

n 

„       with  Bo^4  +  C»0       . 

,     010 

0*061 

s$ 

with  Fe^O,  +  CaO       , 

.     0-40 

0^0 

n 

The  last  compound  contained  1 7  per  cent,  iron  as  oxide, 
of  these  results  point  to  the  conclusion  that  lime  is  the 
agent,  and  that  the  calcium  chlorides  and  other  compounds 
only  indirectly  responsible,  being,  in  fact,  vehicles  by  which 
lime  is  brought  into  intimate  contnct.  physical  and  chemical,  wj| 
the  sulphurous  iron. 

We  see  then  that  solid  lime  al6ne  will  desulphurise  iron 
or  less  rapidly,  the  rate  depend iug  on  the  degree  to  which 
surfaces  of  lime  and  molten  iron  can  be  brought  into  ac 
physical  contact ;  also,  that  lime,  with  any  substances  capaUll 
of  dissolving  it  at  a  temperature  above  the  melting-point  of  tbtj 
iron  operated  upon,  must  necessarily  and  actually  does  come  intoj 
ft  much  closer  physical  contact  with  the  molecules  of  the  cnA] 
iron  in  a  given  unit  of  time,  and  therefore  must  aeoassarily  < 
a  proportionately  more  rapid  desulphurising  action* 

Many  years   ago,   when   investigating   the   efficiency  of 
H.  Howson's  rotary  blow-pipe  puddling  furnace*  it  was  ob 
that  when  the  temperature  was  insuflicient  to  melt  the  fell 
used  to  line   the   furnace^  the  dephosphorisation  was  most  1^ 
efficient,  but  when  the  heat  was  raised,  and  the  fettling  melti 
much  more  phosphorus  was  removed.     In  the  first  instaDce, ' 
fluid  iron  was  in  contact  with  a  powerful  dephosphorising  agent ' 
in  a  solid  state,  which  effected  little  or  no  removal  of  phospbortft 
whereas  as  soon  as  the  agent  was  liquified  a  very  different 
followed. 
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■  In  experiraenta  made  in  my  laboratory  many  years  ago,  in 

■  which  Cleveland  iron  was  agitated  with  fluid  basic  silicates  of 

■  iron,  it  was  noticed  that  when  the  cinder  was  not  fully  liquid 
the  amount  of  phosphorus  removed  was  not  nearly  so  great  as 
when  greater  fluidity  was  obtained. 

Now,  it  appears  to  lue  that  there  is  a  close  analogy  between 
the  action  of  solid  and  lluid  oxide  of  iron  in  the  dephoaphorising 
processes  and  the  solid  lime  and  fusible  lime  compounds  in  the 
desulphurisation  processes,  and  that  the  conclusions  above  stated 
are  in  all  probabilitjf  very  near  the  truth. 

The  fact  that  no  sulphur  was  removed  in  the  first  trial  I 
made  at  Wigan  with  a  slag  containing  58  per  cent.  lime,  rather 
tends  to  upset  tliis  theory.  It  nmst,  however,  be  noted  that 
this  slag  was  very  thick  and  pasty. 

The  use  of  calcium  chloride  enables  us  to  demonstrate  most 
clearly  what  has  been  before  set  forth,  viz.,  that  provided  lime 
can  be  brought  into  such  contact^  and  in  more  than  sufficient 
quantity,  as  to  combine  with  all  the  silica  and  sulphur  (even 
although  a  very  large  amount  of  sulphur  is  contained  in  the 
naaterial),  when  it  is  smelted  at  the  very  lowest  temperature  at 
which  cast  iron  will  form,  it  will  contain  little  or  no  sulphur. 
The  following  experiment  proves  tliis  to  be  the  case  : — A  portion 
of  the  compounds  used  iu  previous  experiments,  consisting  of 
oxides  of  iron  and  calcinm  sulphide,  and  containiu^^'  12  per  cent. 
of  sulplmr,  was  mixed  with  an  equal  weight  of  calcinm  chloride 
and  charcoal » and  this  was  smelted  at  a  moderately  low  tempera- 
ture in  a  plumbago  crucible.  A  white  iron  was  produced,  which 
contained  only  a  iracs  of  sulphurj  and  no  silicon. 

In  concluding  this  paper,  I  must  express  regret  that  we  still 
are  far  from  having  a  perfect  knowledge  of  the  subject.  There 
is  much  work  yet  to  be  done. 

I  must  also  ask  yon  not  to  accept  as  laws  the  theories  and 
deductions  I  have  advanced,  unless  you  yourselves  feel  justified 
(judging  from  a  consideration  of  all  the  facts  and  conditions)  in 
so  doing ;  always  keeping  in  mind  that  they  are  based  on  such 
truths  as  we  have  been  able  to  obtaini  and  that  further  investiga- 
tion may  give  us  much  more  information,  and  cause  us  to  con- 
siderably modify  our  views. 

18112. — iL  S* 


274  ON  THE  ELIMINATION  OF  SULPHUR  FROM  IRON. 

The  result  of  careful  experiment  is  the  voice  of  Nature  speak- 
ing truth.  The  interpretation  of  it  is  the  work  of  fallible 
humanity. 

We  dl  must  regret  that  the  past  progress  has  been  in  great 
measure  prevented  in  consequence  of  incorrect  deductions  and 
prematurely  formed  theories. 


Note, — The  foregoing  paper  was  presented  to  the  meeting  in 
two  instalments,  only  one  of  which  was  printed  in  advance. 
This  explains  the  references  to  "two  papers  "in  the  discussion 
which  followed. — Ed. 
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DISCUSSJOK 


The    President   said  that   Mr.  Stead  had  landed  them  in  a 
I  great  ditticulty.      He  had  first  of  all  given  them  a  paper,  of  the 
merits  of  which,  from  a  previous  perusal,  they  had  formed  a  very 
[lugli  opinion,  and  the  substance  of  which  they  were  prepared  to 
;  but  then  he  had  supplemented  this  paper  hy  another — 
he  would  not  say  quite  so  long,  but  certainly  containing  at  least 
IS  important,  and   probably  more  important,   matter   tlian   the 
riginal  paper  itself.     They  had  only  about  a  quart^er  of  an  hour 
for  the  discussion  of  these  two  very  important  papers,  and 
Saniter's  communication,  and  under  the  circumstances  he 
ght  the  only  course  open  to  them  was  to  adjourn  this  dis- 
cussion until   the   May   nieeiing.       They  would  then  have  an 
opportunity  of  carefully  considering  the  further  important  results 
«hich  Mr.  Stead  had  laid  before  them,  and  Mr.  Stead  and  Mr. 
Saiiiter  would  also  have  an  opportunity  of  communicating  ac- 
counts of  further  work  in  this  direction  as  supplements  to  their 
pwseat  papers ;  at  any  rate,  they  would  have  the  benefit  of  the 
wbject  being    thoroughly   dealt    with   by  those    gentlemen,  as 
'""    as  of  its  being  carefully  considered  by  the  members  of  the 
:  :tute.     The  subject  was  a  very  important  one,  and  one  which 
wuld  not  be  dealt  with  lightly,  and  he  therefore  proposed  the 
adjournment  of  the  discussion.     At  the  same  time,  by  way  of 
commencing  the  discussion,  he  would  invite  Sir  Lowtliian  Bell 
to  loake  a  few  remarks,  especially  with  reference  to  Mr.  Stead*8 
Of  Mr,  Saniter's  paper,  and   the  important  results   it 
Qght  before  them,  there  could  be  but  one  opinion.      It  was 
h*  paper   eminently   worthy    of   very   serious    cousideration    by 
[practical  men,  and  so  far  as  the  practical  results  went,  which 
^*^  had  detailed,  they  appeared  to  be  confirmed  by  Mr.  Stead's 
P^^onal   observations.      But    they    could    hardly    discuss    Mr. 
j-Sftmters  process  without  considering  the  other  important  matters 
^iuch,  in  connection  with  the  general  subject,  Mr,   Stead  had 
I  ^oght  before  them. 


I 


rSaid  he  generally  agreed  with  the  President, 
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but  upon  that  occaaioD  it  seemed  difficult  to  say  where  he  should 
commence  the  discussion  of  the  two  papers.     At  some  risk,  hot^ 
ever,  he  would  say  a  few  words  upon  what  had  been  advanoai 
by  Mr.  Saniter,  rather  than  go  into  the  labyrinth  of  figures  anl 
facta  that  had  just  been  laid  before  them  by  Mr.  Stead.    He 
observed  that  Mr*  Sauiter  stated  (page  217)—*'  Should  it  be  dog* 
able  to  remove  silicon,  as  well  as  sulphur,  the  lime  of  the  mix^fl 
is  replaced  by  hydrate  or  carbonate  of  lime,  or  even  oxide  of  mT 
in  addition,  stiouM  these  first  be  insufficient.**     Now^  there  wis, 
apparently,  a  very  unimportant  role  assigned  to  the  presence  of 
oxide  of  iron.     Before  any  great  elimination  of  silicon  coi " 
place,  he  believed  that  the  presence  of  oxide  of  iron  was  e. 
They  had  in  the  iron,  not  silica,  but  silicon.      Until  ther  hd 
oxidised  the  silicon  in  order  to  get  silica,  he  did  not  see  how 
it  was  possible  to  expect   any  reaction   to  take  place  such  as 
Mr.  Saniter  mentioned 

Mr,  Saniter  would  pardon  him  if  he  rather  dissented  from  one 
of  his  statements  as  to  the  wliole  of  the  plant  he  required  being 
of  a  simple  and  inexpensive  character,  consistiug  of  ladijes,  or 
receivers  on  wheels.  Of  course,  time  was  always  an  important 
elementj  for  if  they  could  not  economise  time,  they  probably 
could  not  economise  money.  He  had  made  many  experrmeDts 
in  the  direction  described  by  Mr.  Sauiter,  and  he  had  come  to 
the  conclusion  that  unless  they  had  very  efficient,  and  he  laigbt 
say,  at  the  same  time,  rather  expensive  apparatus,  they  probaWj 
might  find  more  difticully  in  carrying  on  the  operation  ^th 
commercial  success  than  was  apprehended.  At  the  Clarence 
Works  they  had  recently  erected,  at  considerable  expense,  a« 
apparatus  for  cleariog  pig  iron  of  its  associated  metalloids.  That 
apparatus  was  now  in  operation,  aud  so  far  it  appeared  to  be 
very  effectual  for  accomplishing  the  end  for  which  it  was  ifl- 
tended.  Beginning  with  something  like  IJ  to  2  per  cent  of 
silicon,  they  had  on  some  occasions  reduced  it  to  something 
like  -2  per  cent,  in  about  ten  miimtes.  The  reason  he  men- 
tioned the  subject  was  that  if  Mr.  Saniter  would  like  to  haveafl  i 
opportunity  of  trying  his  process  under  favourable  circumstaa* 
he  would  be  most  happy  to  allow  him  the  use  of  the  apparatns. 

He  should  like  to  have  the  opportunity  of  studying  very  care- 
fully what  Mr.   Stead  had    brought    before    the 
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imtil  he  had  done  this,  he  would  defer  any  remarks  iie  mi^rht 
lave  to  make. 

With  regard  to  the  removal  of  sulphux*  from  taok  waste,  meu- 
tioned  by  Mr.  Stead,  by  fusing  oxide  of  iron*  an  addition  oi 
aome  earth  capable  of  rendering  the  silicate  of  lime  fusible  was,* 
lA  course,  needed,  and  as  a  matter  of  cost  none  was  better  adapter  I 
for  the  purpose  than  alumina,  added  in  the  form  of  old  and 
^■fesA  fragments  of  brick. 

Mr  Snelus,  in  seconding  the  adjournment  of  the  discussion, 
said  he  was  quite  sure  that  that  would  be  the  best  course  for  the 
Institute  to  adopt,  because  it  would  give  time  and  opportunity  to 
ihe  members  to  study  the  abstruse  question  brought  before  them 
tod  to  read  cai^efully  Mr,  Stead's  paper,  especially  the  sujiple- 
mentary  one,  which  seemed  to  contain  quite  as  much  valuable 
inTormation  as  the  original  paper. 

The  motion  for  adjournment  was  unanimously  agreed  to, 

Mr.  Saniter,  in  reply  to  8ir  Lowthiau  Bell's  remarks,  would 
ttjf  thai,  at  the  temperature  of  molten  iron  both  water  and  carbonic 
icid  desiUcoiiise  iron,  according  to  the  following  reactions : — 


CO2  4-  F«xSi  ^  FexC  +  SiO, 


plitf  time  occupied  in  the  operation  does  not  exceed  twenty 
111  the  simple  apparatus  whicii  is  necessary. 
.e  ladles  are  already  in  use  tar  conveying  metal  from  the 
Naat  furnace  to  the  steel-works,  these  ladles  are  suflicieut  to  cany 
col  the  process ;  where  this  is  not  the  c^i^e,  and  the  rnetid  has  to 
fe  cast  into  pigs,  plant  of  a  similar  description  wotild  be  used, 
•kich  would  not,  at  the  outside,  cost  more  than  £250  for  a  blast 
bnuiC€L  Mr.  Saniter  had  to  thank  Sir  Lowthian  Bell  for  his 
Offer  to  allow  him  to  try  his  process  at  Clarence,  which  offer  he 
•kottld  be  glad  to  take  advantage  of  at  his  convenience. 
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{Copy-) 

Hui'NSWK'K  WoRKfl,  Weunehbubt,  SqpUmber  19, 1S92. 
K  11.  Saxitek,  Esq. 

Dear  Sir, — I  have  pleasure  in  handing  you  the  under-mentiooed 
analyBos  of  tlie  workin<r  of  two  charges  of  high  sulphur  iron  in  our  open- 
litfarth  ])asic  fiirnaooj?. 

Auafi/f^f'ii  nf  Pitj  Iron  (G7*3  p^r  C*'tiL  of  Charges)  : — 

Per  Gent. 

Sulphur -24 

Silicun '34 

PhuhphoniK 2*76 

Many.im?8«»    .         .  .         .         .         .         '^5 

A  JKiIf/srs  tif  Sff'cf  incule  : — 

»'.  SI.  si.  P.  Mn. 

No.  1  charjjf      .         .         .     -09         trace  047         -007        '56 

No.  2  charge      .         .         .12        trace         -037         '013        "54 

We  experienced  no  difficulty  in  working,  and  the  quality  and  yield  of 
metal  are  good. — Yours  faithfully, 

Geo.  a.  Millward. 


Votes  uf  Thanks. 

The  President  said  there  was  one  other  pleasing  duty  which 
the  members  had  to  perform  before  concluding  their  proceedings, 
namely,  that  of  returning  a  cordial  vote  of  thanks  to  Mr.  Saniter 
and  Mr.  Stead  for  their  valuable  papers.  It  was  now  his  duty  to 
(dose  tlie  business  portion  of  the  meeting  by  moving  the  foUowiDg 
resolutions,  which  he  was  quite  sure  would  be  in  accordance  with 
the  wishes  of  the  members: — 

"  That  the  most  cordial  thanks  of  the  Iron  and  Steel  Institute 
be  offered  to  the  chairman,  vice-chairman,  secretary,  and  mem- 
bers uf  the  Local  Iieception  Committee  for  the  complete  and 
thoroughly  satisfactory  arrangements  made  by  them  for  the  pre* 
>ont   meeting ;  to  the  Mayor  and  Corporation  of  Liverpool  fox 


VOTES  OF  THilNKS. 


placing  at  the  diaposal  of  the  lostitute  the  use  of  St.  George's 
Hall ;  to  the  London  and  North- Western  and  Lancashire  and 
Yorkshire  Railway  companies  for  the  special  train  facilities  accorded 
for  the  several  excursions;  to  the  engineers,  contractors,  and  owners 
of  the  Overhead  Eailway,  and  to  the  owners  of  steamships,  works, 
and  other  establishments  thrown  open  to  the  members  daring  the 
week,  as  well  as  to  the  Mayor  of  Chester,  and  to  the  Dnkes  of 
Westminster  and  Sutherland,  for  their  co-operation  in  promoting 
the  success  of  the  present  meeting." 


Sir  LowTHiAK  Bell,  in  seconding  the  motion,  said  he  did  not 
know  whether  the  meeting  was  aware  that  it  had  been  thought 
desirable  on  the  present  occasion  to  make  a  radical  change  in 
what  he  might  call  the  economic  side  of  their  visits.  He  was 
quite  sure,  however,  that  no  one  would  for  a  moment  imagine 
that  there  had  been  any  want  of  facility  in  carrying  out  the 
objects  of  their  visit  by  the  fact  that  the  Council  had  declined  to 
impose  on  their  hosts  such  a  lavish  expenditure  as  had  attended 
previous  meetings.  He  therefore  joined  heartily  with  the  Presi- 
dent in  seconding  the  motion. 

The  motion  was  unanimously  adopted. 

Sir  James  Kitson,  M.P.,  proposed  *'That  the  beat  thanks  of  the 
members  of  the  Iron  and  Steel  Institute  be,  and  are  hereby, 
tendered  to  Sir  Frederick  Abel,  K.CJi,  &c.,  for  the  successful 
manner  in  which  he  has,  as  chairman,  conducted  the  proceedings 
of  the  present  Autumn  meeting  of  the  Institute."  It  might  be 
known  to  some  of  the  members  that  some  anxiety  had  been  felt 
as  to  the  place  of  meeting,  and  there  had  been  some  little  dis- 
cussion as  to  who  should  be  their  hosts.  They  had  been  fortunate 
in  receiving  an  invitation  from  the  anthorities  in  Liverpool,  and 
they  had  the  satisfaction  of  knowing  that  they  had  not  been  a 
burden  upon  the  gentlemen  of  the  trade  in  the  district.  They 
had  sometimes  felt  that  the  hospitalities  which  had  been  offered 
in  many  districts  had  been  rather  a  tax,  but  they  had  now 
entered  upon  a  new  era,  and  they  had  just  concluded  one  of 
the  most  successful  meetings  of  the  Institute.  Tiiey  now  knew 
that  they  could  pass  from  district  to  district  on  the  present 
system  with  great  advantage  to  the  lostitute.     Their  only  object 


*• 
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ft9  practical  men  was  to  obtain  from  their  scientific  frie&dt  ill 
the  information  that  could  possibly  be  eommunicftted  by  expoii- 
lion  and  by  the  examination  of  works.  They  had  been  fortuimte 
in  their  President,  who,  from  his  scientific  position,  had,  duruig 
le  period  of  his  office,  given  an  ultra  scientific  turn  to  the  papers 
rbieh  had  been  brought  before  them,  and  to  the  discuB^iooi 
thereoB.  No  more  valuable  papers,  he  thought,  had  befn 
offered  to  the  members  than  they  had  received  during  the  put 
year 

He  need  scarcely  refer  to  the  very  successful  dinner  at  which 
the  members  had  been  assembled,  or  to  the  very  genial  wiy 
in  wliich  the  Preaident  had  conducted  those  difficult  proceed- 
ings. He  said  "difficult/'  because  sometimes  Presidents  wm 
tempted  to  hold  forth  at  great  length,  and  Sir  Frederick  Abel  hid 
shown  them  an  example  of  brevity,  as  well  as  of  geniality,  which 
he  thought  would  be  followed  by  other  Presidents,  They  were 
greatly  indebted  to  him  for  the  manner  in  which  he  had  con- 
ducted, not  only  the  proceedings  of  the  present  meeting,  but  tiie 
proceedings  of  the  Institute,  and  he  was  sure  they  would  til 
cordially  agree  with  him  that  Sir  Frederick  Abel  was  entitled 
to  a  hearty  vote  of  thanks. 

Mr.  William  Whitwkll  said  that  he  rose  with  no  ordin 
pleasure  to  second  the  proposal  so  aptly  aud  eloquently  mad«  hf 
Sir  James  Kitson.  He  thought  they  might  congratulate  them- 
selves on  the  present  succeasful  meetiug.  Tliey  could  obII 
regret  that,  according  to  the  ordinary  course  of  things,  that ' 
perhaps  the  last  occasion  on  which  Sir  Frederick  Abel  wouU 
preside  over  them  for  the  discussion  of  papers.  He  would,  QftJ 
doubt,  open  the  meeting  on  the  next  occasion,  when  the  n«f 
President  was  formally  installed,  but  that  was  the  last  opp 
tunity  they  would  have  of  sitting  under  him  as  they  had  beett 
doing  during  the  last  two  years.  He  could  endorse  every  wofll 
that  had  fallen  from  Sir  James  Kitson,  in  congratulating  ihtj 
members  on  the  President  of  the  Institute.  He  might  peThap 
also  be  allowed  to  congratulate  them  upon  the  excellent  attend 
ance  that  liad  characterised  the  present  interesting  meeting*  H« 
thought  they  had  never  had  a  meeting  where  the  members  baJ 
mained,  and  been  interested  to  the  last,  as  they  had  on  ik 
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at  occasion.  He  not  only  congratulated  them  on  having 
'tach  a  President  and  such  an  attendance,  but  he  heartily  con- 
gntnlated  the  President  on  having  the  confidence  and  admira- 
tion of  their  ever-increasing  number  of  members. 


^hi 


e  motion  was  unanimously  adopted. 


The  President  said  he  felt  overwhelmed  by  the  kind  expres- 
mus  of  the  mover  and  seconder  of  the  resolution.     He  had  no 
doabt  that  any  one  in  his  position  wonld  have  felt,  as  ije  did, 
tbat  it  was  his  duty  to  do  his  best  for  the  Institute,  in  the 
prosperity  of  which  they  all  took  so  great  an  interest.     The  calls 
Bpon  the  President  were  pot  perhaps  very  severe,  but  they  never- 
theless involved  some  attention,  and  some  little  use  of  the  brain. 
H.  in  addition,  a  man  exercised  a  small  amount  of  tact,  he  would 
jBjke  a  good  President  of  the  Iron  and  Steel  Institute.      He 
^bght  they   might  look   forward  to    a    continued   prosperous 
^Ber  for  the  Society,  and  he  trusted  that  many  of  those  whom 
Hpw  present  would  hereafter  fill,  at  least  as  moderately  well 
He  had  done,  the  office  of  President  of  the  Institute,     He  would 
W  detain  the  members  any  longer,  but  would  ooly  cordially  echo 
4e  expressions  of  Sir  Lowthian  Bell,  Sir  James  Kitson,  and  Mr. 
Whitwell  in  regard  to  the  success  of  the  meeting,  and  also  with 
Pegard  to  the  success  of  the   new    policy  in  reference  to  the 
Aatttmn  meetings  which   had   been  inaugurated.     He   believed 
ti»at  the  country  meetings  would  in  future  be  not  less  successful 
i^use  they  had  somewhat  altered  their  tactics,  aud,  lie  might 
^because  they  had  asserted  their  independence. 
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VISITS  AND  EXCURSIONS. 


TUESDAY,  Septkmber  20th. 

Two  special  excui^ioiis  were  arran»^ed  for  the  afteruoon  of  this  day — 
the  first  to  the  Horwich  Locomotive  Works  of  the  Lancashire  and 
Yorkshire  Railway  Co.,  and  the  second  to  the  works  of  the  Liverpool 
Overhead  Railway. 

A  party  of  over  a  hundred  memhers  took  advantage  of  the  special 
free  train  kindly  placed  at  their  disposal  by  the  directors  of  the 
Lancashire  and  Yorkshire  Railway  Co.  to  visit  their  well-known 
works  at  Horwich.  The  party  M^as  received  and  shown  over  the 
works  by  Mr.  J.  A.  F.  Aspinall,  chief  mechanical  engineer.  The 
works  at  Horwich  were  laid  out  in  the  year  1886^  for  the  purpose  of 
repairing  and  renewing  the  rolling  stock,  and  executing  such  other 
engineering  operations  as  are  required  from  time  to  time.  The  work- 
shops cover  an  area  of  about  15  acres  in  all,  hut  upwards  of  80  acres 
have  been  enclosed  for  the  purposes  of  the  works,  giving  ample  scope 
for  such  iuture  extensions  as  may  be  called  for.  Locomotives  of  the 
Company's  standard  type  are  not  constructed  here,  but  the  works 
produce  locomotive  boikr  trolleys,  and  several  descriptions  of  goods 
wagons,  which  are  made  of  iron  or  steel  throughout.  A  Siemens 
plant  is  one  of  the  adjuncts  of  the  establishment.  The  Lancashire  and 
Yorkshire  Railway  Company  had  in  1891,  1127  locomotives^  2952 
passenger  vehicles,  and  21,923  wagons  for  goods  and  mineral  traffic. 


After  being  hospitably  entertained  at  luncheon  at  the  Adelphi  Hotel 
by  Mr,  J.  W.  Willans  of  JIanchester,  the  contractor  for  the  under- 
taking, the  second  party  of  members  was  conveyed  in  omnibuses  to  the 
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Overhead  Raiiway  Works,  which  were  examined  with  interest  as  being 
the  first  railway  of  its  kind  constructed  in  the  United  Kingdom.  The 
line  16  about  6  miles  in  length,  and  skirts  the  nystem  of  docks  for 
practically  the  wliole  <iistance.  There  is  a  double  line  of  rails  uf  the 
ordinary  gauge,  Hobson's  decking  is  a  feature  of  the  work  which  was 
examined  with  interestj  it  being  employed  throughout  the  whole  rail- 
way as  the  bed  on  which  the  rails  are  lai^l.  The  swing  bridge  over 
the  Stanley  Dock  entrance,  and  other  structural  features  of  the  enter- 
prise, were  pointed  out  by  Mr,  J.  II.  Greatljead,  the  engineer,  and  Mr. 
Willanj*,  the  contractor,  who  took  general  charge  of  the  party.  The 
paper  read  at  the  meeting  by  Mr.  J.  H.  Greathead,  joint-engineer  of 
the  line,  describes  and  illustrates  the  railway. 


In  the  course  of  the  afternoon  a  jnirid:)er  of  works  in  Liverpool  and 
its  neighbourhood  were  thrown  open  for  the  inspection  of  members, 
incUiding  the  Bankhill  Engine  Works  of  Messrs.  John  H*  Wilson  and 
Co.,  where  steam  winches  and  cranes^  excavators,  and  concrete  mixing 
machines  were^  among  other  engineering  items,  shown  in  course  of 
construction ;  the  works  of  the  Liverpool  United  Gas  Light  €*ompany 
at  Linacre,  which  are  capable  of  stipplying  nine  million  cubic  feet  of 
gas  daily;  the  Fulton  Engine  Works  of  Messrs.  David  RoUo  t^  Sons, 
where  general  engine,  boiler,  and  ship  repairs  are  undertaken;  the 
soap  works  of  Messrs.  Lev  tit  Brothers,  at  Port  Sunlight ;  the  reservoirs 
and  iiumping  stations  of  the  Liverpool  Corporation,  and  the  works  of 
the  Liverpool  Hydrauh'c  Power  Company  in  Athol  Street,  which  in- 
clude two  sets  of  Elkington*s  triple  compound  condensing  engines,  each 
of  200  horse-power,  and  two  accumulators,  with  rams  18  inches 
diameter,  by  20  i>eet  stroke,  and  loaded  to  a  pressure  of  750  lbs,  per 
square  inch,  which  are  used  to  maintain  the  pressure. 


I 


Annual  Dinner. 

In  the  evening,  the  Annual  Dinner  of  the  Institute  took  place  at  the 
Adelplii  Hotel,  tiie  chair  Ijeing  occupied  by  Sir  Frederick  A.  Abel, 
K.CB.,  F.U.S.,  &c*,  President  The  company  present  included  Sir 
Lowtbian  Bell,  Sir  James  Kitson,  the  Mayor  of  Liverpool,  the  Mayor 
of  Bootle,  the  Mayor  of  Chester,  Professor  Koberts-Austen,  C.B.,  F.Iv.S., 
Mr.  Edw.  P.  I^Iartin,  Mr  James  Riley,  Mr.  G.  J,  8nelus,  FJiR,  Mr. 


i 


I 
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Willinm  Wliitwell,  Mr.  Thos,  Wrightsoii,  M.P.,  Mr.  Benjamin  Hinglff, 
M,  P.,  Professor  Hele-ShaWj  Arc,  The  toasts  iuekided  tiie  Queen  auii 
the  Royal  Family,  the  Iron  ami  Steel  Institute,  Kindred  Institutions, 
and  the  City  and  Commerce  of  Liverpool,  About  160  members  Aod 
frit* mis  were  jireseiiL 


WEDNESDAY,  Skptember  21st, 

Thr  principal  exeuraion  fixed  for  this  aftenioou  was  one  to  the 
works  of  the  Manchester  Ship  Canal  The  party,  which  nambere^i 
over  two  hundred,  left  the  Prince's  Landing  Stage  in  the  steamship 
3IftfiJ*  Fain/^  under  the  charge  of  Mr.  E.  Leader  Williams,  th*.^  tf 
to  the  canal,  and  proceeded  by  rivtr  ami  canal  to  Weaver  Pool,  w.. 
as  far  as  navigation  cotdd  be  undertaken.  The  party  had  not  the  cIiadc^' 
of  seeing  over  any  considerable  part  of  the  canal,  nor  was  the  oppor 
tunity  afforded  of  witnessing  the  most  difficult  part  of  tbe  wrork,  but 
the  trip»  nevertheless,  allowed  of  a  general  idea  being  formed  of  tbf 
character  of  this  important  undertaking.  The  total  length  of  the 
canal  is  about  ^5^  mileui  and  the  total  fall  of  water-level  h  60|  fu 
which  is  divided  among  four  seta  of  locks.  Tiie  canal  is  tidal  frooB 
Easthaiii,  where  it  enters  the  river  Mersey,  to  Latchford  Lock,  a  *iiS' 
tanoe  of  21  miles.  The  waterway  will  be  wid«  enougli  to  allor^f 
two  large  vessels  passing  one  another  along  its  entire  route.  Opposite 
the  river  Weaver,  teu  large  sluices,  each  30  feet  wide,  have  beei> 
built  in  the  embankment  of  the  canal,  in  order  to  allow  of  the  water  of 
that  river  passing  out  of  the  canal,  aud  for  the  purposes  of  tidul  floflr. 
The  embankments  between  Eastbam  and  Runcorn,  alongside  whicli 
the  party  was  carried,  are  2'^  feet  wide  at  the  top,  and  in  these  tlirti^ 
weirs  were  being  constructed,  each  600  feet  long,  in  order  to  allow  "- 
the  flow  of  the  tide  when  it  is  above  the  ordinary  water-level  The 
party  returned  to  Liverpool  before  six  o'clock,  having  seen  as  much  of 
the  undertaking  as  was  possible  under  the  circumstances. 


In  the  course  of  the  afternoon,  a  number  of  members  visited  the 
well-known  works  of  I^Iessrs.  Laird  Brothers,  at  Birkenhead,  includm? 
tbe  principal  works  in  Church  Street,  aud  the  boiler  works  in  Beaufoft 
Road,  where  they  saw  engineering  and  shipbuilding  work  in  diff^r^f'' 
stages  of  construction.     The   liat^al   Oak  battleship,  which  Messrs 
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Iftird  bad  under  construction  for  the  British  oavy^  was  examined  with 

Other  members  visited   the  pumping,  ventilating,  and  hydraulic 
michinery  of  the  Mersey  Tunnel  Railway,  at  Hamilton  Square  Station, 
Birkenhead.     The  special  features  of  this  railway  are  the  hydraulic 
lifu,  of  which  there  are  six  at  different  stations,  each  capable  of  carry- 
ing 100  people,  and  having  about  87  ft,  height  of  lift  j  the  ventilating 
fjuis,  five  in  number,  which  draw  the  foul  air  from  the  centre  of  the 
rivtr  tunnel  through  an  independent  heading,  while  fresh  air  enters 
at  tbe  stations  to  replace  that  sucked  out  by  the  fans;  the  forcing 
punps  on  either  side  of  the  river,  which  work  about  five  strokes  per 
J  tebute^  and  raise  in  that  time  4000  gallons  to  a  height  of  170  f^  ;  and 
i  ftt  locomotives,  which  are  of  specially  powerful  construction,  and 
eondense  the  whole  of  the  exhaust  steam  while  running  in  tbe  tunnel. 
I  Tbesleej)e8t  gradient  worked  is  1  in  27.     The  passenger  vehicles  are 

IlMalwith  the  automatic  continuous  viicuum  brake,  and  are  lighted  by 
toapressed  gas  on  Pintsch's  system,  while  the  rails  are  of  86  Iba  per 
\  ywd,  uid  the  chairs  weigh  54  lbs.  each. 

THe  Phoenix  Foundry  of  Messrs.  Fawcett,  Preston,  Ac  Co.,  in  York 
^jjff^if  was  open  to  members  during  the  aftemooih  These  works  are 
^Blefting,  as  being  the  oldest  engineering  works  in  Liverpool.  They 
^W engaged  in  the  manufacture  of  machinery  for  sugar-mills,  producing 
«wie<rushing  mills,  multiple  eiTect  vacuum  apparatus  for  evaporating 
1  titet  from  the  cane  juice,  machinery  for  the  manufacture  of  nitrate  of 
Mrik  kc  Presses  of  the  cyclone  type  for  pressing  jute,  cotton,  t^c, 
^BboQstnicted  at  the  Phcenix  Foundry,  three  of  them,  each  weighing 
1  ilont  95  tonSf  having  been  constructed  and  shipped  to  India  and  China 
i  JQit  before  tbe  date  of  the  visit  of  the  party. 

^Hb  the  eventng,  the  members  of  tlie  Institute  were  received  at  a 

Bmrsazione  in  the  Walker  Art  Galleries  by  tlic  Mayor  and  Mayoress 

'^f  Liverpool  (Mr,  and  Mrs.  James  de  Bels  Adam).     The  gathering  waa 

lw|»  and  fashionable,  and  the  occasion  was  rendered  interesting  by 

^jdairable  collection  of  pictures  which  the  Galleries  contain. 


APPKNDTX. 

THURSDAY,  SErrEMBER  22nd. 

The  programme  of  vifttta  arranged  for  the  afternoon  of  Tbi] 
included  a  visit  to  the  Eag^neering  LabofAtoriea  of  University  i 
Liverpool,  and  an  inspection  of  the  principal  docks  and  wareho 
At  the  Laboratories,  Professor  Hele-Shaw  had  got  together  a  nurobcr 
of  interesting  models,  which  were  inspected  with  interest,  as  well  aa 
an  American  chain-making  machine,  which  was  seen  in  operation,  pro- 
ducing chains  from  steel  wire  at  the  rate  of  about  a  mile  a  day,  with 
only  one  attendant.  The  tests  made  of  this  chain  show  it  to  posse«sA 
higher  strength,  weight  for  weight,  than  chain  made  in  the  oniinarT  wit. 

A  considerable  party  deiroted  the  afternoon  to  an  inspection  of  the 
Liverpool  Docks  and  Warehouses,  under  the  guidance  of  Mr.  A  G, 
Lister,  Assistant  Engineer  to  the  Dock  Board.  The  principal  featttiM 
of  interest  examined  in  the  course  of  the  drive  were  the  tanks  wheie 
the  petroleum  is  stored  at  the  Herculaneum  Docks,  the  Coburg  Pump- 
ing Station,  the  Canada  Branch  Dock,  and  the  Langton  Graving  Docks. 
The  members  saw  several  new  docks  of  large  dimensions  in  courie 
of  coDstniction.  At  the  Alexandra  Dock,  where  the  trip  ended,  the 
party  had  the  opportunity  of  seeing  over  the  Cunard  steamship  Ufntrk^ 
while  some  others  visited  the  Inman  Line  steamer  the  (7i/y  t*f  Iftff 
York,  on  the  other  aide  of  the  river. 

The  Pemberton  Collieries  of  Messrs,  J.  Blundell  &  Sons,  near  W»gan, 
and  the  Chemical  Works  at  St  HelenX  were  available  for  inspeccioi 
during  the  afternoon. 


FRIDAY,  September  23rd, 

Arrangements  were  made   to  afford  members  the  oppor 
seeing  on  this,  the  last  day  of  the  meetings— 

(L)  Chester  and  Eaton  Hall. 

(2,)  Stoke-upon -Trent  and  Trentham  Hall ;  and 

(3.)  Lake  Vyniwy,  in  North  Wales, 

The  larger  number  preferred  to  visit  Chester,  where  a  piurty  rf 
over  a  hundred  was  most  hospitably  entertained  at  luncheon  ifl 
the  Town  Hall,  by  the  Mayor  of  Chester — Charles  BrowDt  Esq. 
—  who  similarly  entertained  the  Institute  on  the  occasion  of  tlw 
Chester  meeting  in  1884.  The  works  of  the  Hydraulic  Eogineer- 
ing  Company  at  Chester,  and  of  the  Dee  Iron  Company^  and  Lloydi' 
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Chain  and  Anchor  public  testing  works,  at  Satney,  were 
inspection  daring  the  day.  Eaton  Hall  was  visited  in 
ihe  cottn«  of  the  afternooti.  His  Grace  the  Duke  of  Westminster 
ivceived  the  party,  and  showed  tliem  first  over  the  stables,  where  the 
{ciudpal  horses  were  trotted  out,  and  afterwards  over  tlie  Hall,  where 
litreshments  were  hospitably  provided.  On  the  propo^l  of  Mr. 
AUermmu  Bantock,  of  Wolverhampton,  a  cordial  vote  of  thanks  was 
gi?fcix  to  His  Grace  for  his  kind  attention  and  courtesy.  In  ackuow* 
ledging  the  vote  of  thanks,  His  Grace  regretted  that  the  time  was  so 
ibort  as  to  have  com|»elled  a  somewhat  hurried  visit,  but  he  hoped  that 
oore  time  would  be  available  next  time  the  Institute  visited  Chester. 

The  party  that  proceeded  to  Stoke-upon -Trent,  in  order  to  visit 

tii«  works  of  Me^sars.  K  Heath  &  Sons  at  Ford  Green,  the  principal 

potteries  in   the  district,  antl   the   seat  of  His  Grace  the   Duke   of 

Sutherland,  numbered   about   seventy.      At   Fortl   Green  they  were 

ihoWD  over  the  Norton  works  of  Messrs.  K.  Heath  &  Sons,  and  saw 

j4c  tpecial  plant  provided  there  for  the   condeDsation  of  ammonia, 

WKtf  fiunaces  were  in  blast,  each  producing  about  220  tons  of  pig 

Wfc  per  week,  with  a  total  consumption  of  some  780  tons  of  coal 

The  make  of  sulphate  of  ammonia  with  the  two  furnaces  was  stated 

U^he  about  5  tons  per  week,  while  24  tons  of  pit>ch,  and  U  tons  of  oil, 

ut  iIbo  obtained. 

On  returning  from  Ford  Green  to  Stoke,  the  members  were  enter- 
Ubed  at  lunch  at  the  Kail  way  Hotel  by  Messrs.  Heath  &  Sons,  the 
Aur  being  taken  by  Mr.  Robert  Heath,  jun.,  who  undertook  the 
UTiQgements  generally,  and  carried  them  out  with  much  thoughtful- 
fl«m  lu  consequeDce  of  the  decease  of  the  Duke  of  Sutherland, 
Tnatham  Hall  was  not  visited,  but  six  of  the  principal  potteries  in 
8tok«  were  open  for  inspection  during  the  afternoon,  including  the 
»orks  of  Messrs.  Minton,  Messrs.  W.  T,  Copeland  <fe  Co.,  and  Messra. 
t  C.  Brown- Westhead,  Moore,  &  Co. 

The  third  and  final  excursion  of  the  meeting  was  taken  by  a  limited 
8omber  of  members  to  Lake  Vyrnwy — the  new  source  of  the  water- 
«jpply  of  Liverpool,  near  Llanfyllin,  North  Wales.  This  party  was 
OBiJer  the  guidance  of  Mr  Deacon,  the  engiuet;r  to  the  Liverpool 
Corporation, 

A  numerous  and  influential  committee  was  constituted  in  Liverpool 
for  the  reception  of  the  Institute,  of  which  the  Mayor  {Mr.  James  de 
Bd«  Adam)  was  chairmao,  the  Mayor  of  Bootle  was  vice-chairman, 
lod  iii^  K.  C.  F.  Annett  was  secretary. 


OBITDARY WILLIAM  RICHARDSON. 


OBITUARY. 

,^/WiLLiAM  RicEABDSON  waa  bom  at  Horbur>%  near  Wakefield,  on  the 
nth  of  August  1811,  and»  in  the  jear  followiug,  \m  parents  weut  to 
reside  at  Cooper  Bridge,  near  Huddersfield,  his  father  having  obtainad 
aa  appointment  undet  the  Calder  and  Uehble  Navigation  Compiny. 
Born  with  a  strong  and  vigorous  constitution,  the  son,  at  an  earlj  igC| 
was  aent  to  the  village  school,  where  he  remained  until  he  was  eigbl 
years  old,  wlien  he  was  set  to  work  to  assist  in  the  domestic  hand  looo 
weaving  industry.  When  eleven  years  of  age,  he  entered  the 
iiiill  of  ^Ir.  Thomas  Haigh,  Colne  Bridge,  where  ho  found  suitftblc 
ploy  men  t  in  connection  with  the  various  machines  U8e<i  for  the  pre) 
and  spinning  of  cotton.  In  1823  he  was  bound  apprentice,  enl 
the  mechanic's  shop  connected  with  the  mill,  and  he  remained 
until  1833,  having  during  this  period  diligently  applied  himself 
remedy  the  defects  of  his  scanty  educatiQn,  and  to  make  himself  pr&cti* 
c^'dly  acquainted  with  every  machine  in  the  mill,  as  well  as  with  the 
water  whec4  and  its  connections,  by  which  the  machinery  of  the  mill 
was  driven.  On  leaving  Cooper  Bridge,  the  young  man  removed  w 
Marsden,  and  entered  the  service  of  Messrs.  Taylor  Brothers,  engineerR 
antl  boikrniakens.  In  1834  he  entered  the  eervice  of  Messrs.  Hibbeit 
k  Piatt  at  the  Hartford  Works,  Oldham,  who  had  already  acquired  an 
excellent  reputation  as  textile  machine  makers.  In  1837,  desiring 
gain  further  experience  and  knowledge,  and  trade  in  Oldham 
slack,  Willitim  Bichardson  left  that  town  for  London,  and  succeeded 
obtaining  emjiloyment  with  Messrs.  Beal  &  Henderbiiry,  Eaat  Green' 
where  lio  learned  the  use  of  gauges  and  templets,  and  obtained  an  insi 
into  the  principles  of  jnterchangeability  and  accurate  workmanship,  w 
he  never  afterwards  forgot.  After  working  in  London  about  six  moni 
he  returned  to  the  Hartford  Works,  where  he  applied  himself  with 
diligence  and  success  to  the  remodelling  of  the  scutcher  department  tl 
his  employers  advanced  him  to  a  leading  position  in  the  management  d 
the  business.  From  this  time  the  career  of  Mr.  Richardson  becoi 
part  of  the  history  of  Hartford  Works.  After  the  building  of  H; 
New   Works,   the  growth  of  the  business  led  to  the  establishmenl 
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Tarioua  outside  branches — such  as  the  forge  for  the  manufacture  of 
wrought  iron,  the  brick*works  for  the  mamifacture  of  patent  bricks,  and  the 
coUieiies  and  coke  ovens.  With  all  of  these  Mr.  Richardson  was  specially 
issocuted*  taking  a  leading  part  in  their  installation  and  development, 
Bad  on  all  of  them  he  has  left  the  impress  of  his  judgment  and  ability. 

Although  the  records  of  the  Patent  Office  show  that  Mr.  Richardson 
hm  a  prolific  inventor,  it  was  more  in  the  character  of  constmctop  and 
-- :  I-  r-r  tliat  his  strength  lay.  A  skilful  handicraftsman,  capable  of 
i^'  the  most  exhausting  fatigue,  well  informed  on  all  matters  con* 
Meted  with  his  businesa,  and  possessed  of  sound  judgment,  indomitable 
imlatioD,  perseverance,  and  the  love  of  his  calling,  he  was,  in  cases  of 
tSfficuity,  full  of  resource,  and  a  tower  of  strength. 

ytr.  Ridiardson  took  great  interest  in  the  progress  of  his  adopted  town, 

di  which  he  was  a  borough  magistrate,  and,  for  a  time,  a  town  councillor, 

jwrointiug  its  educational  interests,  especially  in  the  direction  of  teclmica! 

n,  as  President  both  of  the  Oldham  Lyceum  and  of  the  Oldham 

•\»  *a-  ci  and  Art  SchooL     He  was  a  generous  benefactor  to  the  Oldham 

hfirmiiry.     He  was  a  member  of  the  Iron  and  Steel  Institute  from  its 

on  in  1869,  and  for  a  number  of  years  acted  as  a  member  of 

...L     Mr»  Richardson  was  a  member  of  other  scientific  and  technical 

Iflititations,  including  the  Institution  of  Mechanical  Engineers, 

"95  of  Hartford  Works  was,  in  1837,  changed  from  the  style 

vV  Piatt  to  that  of  Hihbert,  Piatt  &  Sons.     In  1854,  Messrs. 

Julux  and  James  Piatt,  having  become  sole  proprietors  of  the  busi- 
H  iJetl,  in  consequence  of  its  growth,  to  enlarge  the  partnership  by 
::ig  the  chief  heads  of  departments,  viz.,  Mr.  William  Richardson, 
JIl.  WiiUaii]  Frederick  Palmer,  and  Mr.  Edmund  Hartley,  the  style  of 
Aiftrni  becoming  Piatt  Brothers  Sc  Co.  In  1868,  the  business  was  trans- 
famed  into  a  limited  liability  compjuiy,  ^Ir,  Richardson  bcfioming  Vice- 
Qufnnan,  and  having  the  satisfaction  of  seeing  his  elder  son,  George, 
^kiog  las  place  as  a  directx^r  at  the  same  Board  as  himself.  Mr,  Richard* 
•m  continued  to  hold  the  position  of  Yice-Chairmaii  until  the  time  of  his 
^i*th»  At  the  age  ol  twenty-nine  he  married  Mary,  the  eldest  daughter 
•f  Mr.  John  Gartside,  woollen  manufacturer.  Cherry  Clough,  Saddle- 
*Orth,  Hiw  death  took  place  at  his  residence,  Werneth,  Oldham,  on  the 
Ihh  Ih-cembcr  1802,  at  the  age  of  eighty-one. 


l/iKi 


iKJUJfS  LtJDWiG  LanqK  was  bom  at  Plauen,  in  Saxony — where  he 
tis  educated — on  the  10th  of  May  1837.     At  the  age  of  seventeen  he 
linl  U>  Berlin,  and  there  served  an  apprenticeship  for  thi'ee  and  a  half 
with  a  leading  engineering  firm,  then  employed  in  the  construction 
I8&2,— iL  t 


290 


OBmJABY — HIRMAKir  tUDWIG  LAHQi 


ot  stationaTj  engines,  turbinca^  and  water-wheels,  during  which 
wa«  frequently  employed  in  delivering  and  erecting  machinery. 

On  leaving  Berlin,  he  went  to  the  Polytechnic  School  at  Carlsruhe, 
he  spent  two  years  in  a  coarse  of  stndy  in  civil  and  mechanical  engineer^ 
In  1861,  invited  by  the  late  Mr.  Beyer,  a  townsman  of  his  own,  be 
come  to  England,  and  entered  the  engineering  works  of  MeBsrs.  Beyer, 
Peacock  &  Ca,  locomotive  and  machine-tool  makers,  Gorton  Foundij, 
Manchester^  being  first  emjiloyed  in  the  workshops  for  about  a  y^  isd 
afterwards  in  the  drawing  office. 

In  the  drawing  office,  he  was  at  Erst  chiefly  engaged  at  machine-tool 
designs,  under  Mr*  Beyer's  personal  direction,  and  it  was  not  long 
before  he  showed  that  he  possessed  marked  mechanical  instincts.  Sub- 
sequently, he  was  occupied  on  locomotive  designs,  and  tlie  experiene* 
thus  gained  enabled  him,  about  the  year  1864,  on  a  vacancy  in  ib« 
position  of  head  dmughtsman  occurring,  to  take  charge  of  the  drawing 
office  This  position  he  held  until  Mr.  Beyer's  death  in  1876,  whenh** 
became  chief  engineer  to  the  firm,  and  co-manager. 

On  a  vacancy  occurring  in  1888,  on  the  Board  of  Directors  of 
Company — which  in  1883  had  been  converted   into   a   Limited  coffi-'l 
pany — Mr*  Lang^  was  appointed  a  Director. 

The  marked  features  of  Mr,  Lang6's  character  were  great  physical  tni 
mental  energy,  and  conscientious  thoroughness  in  all  he  undertook, 
spared  no  personal   labour   in   perfecting  detail,  even  to  the 
minutiaiv      He  poaaeaaed  a  sound  judgment  in  mechanical  qneei 
and  a  true  appreciation  of  the  fitness  of  details.     This  was 
ahowQ  in  the  carrying  out  of  designs  for  tramway  engines  and 
locomotives  for  steep  inclines,  which,  on  accoimt  of  the  special 
tiDus  that  these  two  classes  of  locomotives  have  to  fulfil,  presented 
difficulties  of  detail  than  usually  occur  in  ordinary  locomotives. 

Mr.  L'Uig^,  it  may  be  said,  fell  a  victim  to  his  own  restless  em 
temperament.     He  had  naturally  a  strtjiig  constitution,  but,  as  th« 
of  over-application  to  work,  his  health  had  been  failing  for  several 
and  about  three  months  prior  to  bis  death  he  was  prostrated  by| 
attack  arising  from  feeble  action  of  the  heart.     He  was  then  advised^ 
his  doctor  and  friends  to  take  a  long  rest  from  business.     This  ad' 
however,  he  disregarded,  and  after  a  short  rest,  and  while  still  in 
health,  he  returned  to  work.      For  a  few  weeks  lie  took  things 
tively  easy^  but  on  regaining  some  measure  of  strength,  he  pm 
duties  of  his  position  with  much  of  his  accustomed  energy,  with 
result  that  was  only  to  be  anticipated.     He  left  Gorton  Foundry  At 
o'clock  on  Jiinuaty  14,  1892,  after  a  day's  close  application  to 
and,  while  at  home  an  hour  or  two  later,  engaged  in  writing  a  letter,  h9 
was  seized  with  a  stroke  of  paralysis,  and  expired  the  same  night 
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was  a  member  of  tlie  Institution  of  Mechanical  Engineers,  and  became 
I  a  member  of  the  Iron  and  Steel  Institute  in  18DL 

Philip  Wjluam  Flowkr,  J,r.,  who  dieii  on  Marcli  26,  1892,  at  his 
residence,  Baglan  Lodge,  neat  Briton  Ferry,  in  hia  fifty-fourth  year,  waa 
well  known  as  a  tinplate  manufacturer,  having,  in  conjunction  with  Mr. 
Leach  and  others,  built  thu  Mel yn  Works  in  South  Wales  about  twenty- 
aeTQO  years  ago,  and  having  acted  as  the  managing  partner  of  thai 
establishment  since  its  commencement.  The  Urm,  which  was  known  as 
Leach,  Flower  &  Co.,  were  among  the  Hrst  to  introduce  into  Wales 
the  printing  and  decorating  of  tiji plates.  Afr,  Flower  was^  before  buiUl- 
ing  the  MeJyn  Tin  works,  a  managing  partner  of  the  Margam  Tinplate 
Co.  He  waiij  besides,  a  managing  partner  of  the  Copperraincrs'  Tinplate 
Works  at  Cwmavon,  and  was  for  some  years  Chairman  i>f  the  Tinplate 
Association.  He  was  considered  an  authority  on  tinplate  manufactur- 
ing, having  been  the  author  of  several  books  and  pamphlets  on  the 
subject.  iJeceased  was  the  second  son  of  Mr.  John  Wick  ham  Flower, 
Park  Hall,  Croydon,  and  went  to  Wales  in  1851*,  Hij  became  a 
member  of  the  Iron  and  Steel  Institute  in  1880,  and  in  188(i  he  con- 
tributed a  paper  to  the  *' Proceedings  "  on  the  "Origin  and  Progress 
of  the  Manufacture  of  Tinplates/'  which  showed  that  he  possesfietl  a 
considerable  Hternry  vein. 

^^ALTEii  Williams,  who  died  on  Saturday,  tlio  5th  of  Jilarch  I8D2,  at 
Pan,  waa  born  in  1830,  and  bad  cons5ei|uently  reached  the  sixty-second  year 
of  his  age.  His  father  was  a  member  of  the  firm  of  Philip  Williams  Sc  Sons, 
of  the  Wednesbury  Oak  Ironworks,  Tipton,  These  works  had  for  many 
years  occupied  a  prominent  position  in  the  South  Staffordshire  iron  trade, 
haTiog  been  erected  in  the  earlier  part  of  the  present  century  by  l^hilip 
Williams,  who  waa  at  that  time  in  partnership  with  Benjamin  iiibbons. 

In  1816,  Philip  Williams  became  the  sole  owner  of  the  Wednesbury 
Works,  but  at  a  later  date  he  assumed  his  sons,  Philip  and  Walter,  as 
partners,  and  the  firm  thcreup)on  took  the  style,  which  it  has  since 
retained,  of  Philip  Willi:uns  &  Sons,  Mr.  Walter  Williams  was  a  son  of 
Walter^  the  brother  of  Philip  Williams,  and,  on  the  death  of  the  latter,  in 
1864,  he  was  entrusted,  jointly  with  his  brothers,  Joseph  W.  Williams  and 
P,  A.  Williams,  with  the  management  of  the  works  and  collieries  belonging 
to  the  firm,  in  which  position  he  continued  imtil  the  time  of  his  death. 

The  Wednesbury  Oak  Works  have  long  been  among  the  largest  in 
South  Staffordshire,  embmcbig  collieries,  blast-furnaces^  and  finished  iron- 
works. The  firm  also  carried  on  for  many  years  works  known  as  the  Union 
Furnaces  at  West  Bromwich,  but  some  sixteen  years  ago  this  latter  pro- 
perty was  disposed  of  to  the  Btour  Valley  Coal  and  Iron  Company,  which 
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was  gabseqaentljr  diissolTed  The  pcopeitx  then  wTerted  to  the  odguial 
ownen,  who  carried  it  on  under  the  ityle  oi  Philip  WiUiAmt  &  Compsoj, 
isiita  the  furoacecy  having  become  aniiqiuited,  were  disoonttnned. 

Betides  th«  terenl  works  namedy  the  firm  carried  on  mannfactaied 
iron-works,  and  engaged  in  the  miaing  iudn^tries  of  Smethwick  and 
Btlaton,  which  were  administered  socceisfullf  for  a  number  of  jears. 
On  Ihe  eatabliflhment,  in  the  jear  186S,  of  the  South  Staffordshire  Iron- 
mmden^  Association^  Walter  WiUiams  undertook  the  office  of  honorary 
•ecretarj,  and  he  acted  in  this  capacity  for  sereral  years,  during  which 
time  the  Association  increased  in  membership  and  influence.  He  was 
tucoeeded  in  this  office  by  the  late  Mr.  John  Jones,  who,  at  a  later  date, 
became  secretary  to  the  North  of  England  Ironm.isters'  Association,  and 
to  the  Iron  and  Steel  Institute. 

Mr.  Walter  Williams  held  for  several  years  the  position  of  Chairman 
of  the  South  Staffordshire  Ironmasters'  Association,  and  he  also  filled  for 
a  term  the  office  of  President  to  the  Mining  Association  of  Great  Britain. 
For  a  number  of  years  he  was  also  Chairman  of  the  South  Staffordshire 
Di.strict  Baok,  an  office  which  gave  him  a  considerable  amount  of  prestige 
ill  that  locality. 

From  1877  to  1888  Mr.  Williams  held  the  position  of  Chairman  of 
the  South  Staffordshire  Mines  Drainage  Commissioners,  and  assisted 
materially  in  the  passing  of  the  first  of  the  South  Staff'ordshire  Mining 
Drainage  Acts  in  1873.  The  drainage  area  affected  by  this  Act  was  from 
95,000  to  100,000  s^Tjuare  miles  in  extent,  and  comprised  almost  the 
whole  of  the  Houtli  Staffordshire  coalfield.  It  was  estimated  at  that 
time  that  irjO,000,000  tons  of  coal  and  17,000,000  tons  of  ironstone 
flooded  within  this  area.  The  Drainage  Commissioners  began  operal 
in  1873,  over  an  area  of  about  eighty  sL[uare  miles^  part  of  the  district 
haviir^'  been  withdrawn  from  their  control  The  work  of  the  Commis- 
sion was  divided  into  .surface  drainage  and  mines  drainage,  and  mtiog 
powers  were  obtairieil  which  extended  over  a  great  part  of  the  South 
Staflbrdshire  coalfield j  thereby  enabling  tlie  very  considerable  cost  of 
instituting  operations  to  be  defrayed. 

The  cost  of  pumping  the  water  within  this  area  for  several  years  varied 
from  Id.  W  lid.  per  ton,  l>nl  latterly,  the  tonnage  having  been  reduced, 
it  rose  to  about  3Jd»  per  ton.  The  pumping  engines  controlled  by  the 
Commission  had^  during  tiiG  three  years  ending  with  1891,  averaged 
C 4 4, 000  galloiis  per  twenty-fottr  hours.  In  the  important  work  carried 
out  by  the  ConHuission,  Mr,  Wiitter  Williams  personally  took  a  most 
prominent  part  until  December  1888,  when,  on  personal  grounds,  he 
resigned  his  position. 

In  1874,  Mr.  Williams  stood  as  a  candidate  in  the  Conservative 
interest  for  Wolverhampton,  but  was  defeated.      He  was  one  of   the 
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original  members  of  the  Iron  anil  Bteel  Institute,  and  in  1872  Im  was 
elected  a  member  of  tUe  Coiind] — a  position  which  he  held  until  1878* 
He  took  a  considerable  interest  in,  and  was  a  tolerably  regular  atfcendcr 
at,  the  earlier  meetings  of  the  Institute,  and  he  took  some  part  in  the  dis- 
cussion of  papers  read  in  1869  and  1871.  llo  was  a  Justice  of  the  Peace 
for  South  Staffordshire,  and  a  Doctor  of  Laws.  Of  late  years  he  did 
not  enjoy  good  health,  and  it  was  with  a  view  to  improving  his  conilition 
that  he  proceeded  to  Pan,  where  he  died. 

w-MASfcELL  William  Peacb,  who  died  at  Southport  on  9th  November 
1892,  was  the  son  of  thu  late  ^Ir  William  Peace,  who  was  formerly  the 
mineral  agent  for  tlie  late  Earl  of  Crawford,  lie  was  born  in  Wigan  on 
3nl  April  1834,  wa>?  educated  at  Ross  all  School,  and,  on  leaving  that 
establishment,  was  articled  to  the  late  Mv.  John  Maybe vv,  solicitor,  of 
Wigan.  On  compl<iting  his  articles,  Mr,  Peace  was  adtuitteil  a  solicitor 
in  Trinity  Term  1855,  and  commenced  business  on  liis  own  account  in 
an  office  in  Standishgate,  Wigan.  Subsequently  bo  removed  to  10  King 
Street^  and  having  taken  into  partnership  Mr,  Herbert  Booth  Bell,  the 
tLnn  was  carried  on  under  the  style  of  IVace  &  ladl.  This  partnershij> 
w^  dissolved  after  a  few  years,  on  Mr.  Bell  removing  to  Loud  on »  Mr. 
P^ce  then  entei-cd  into  partneL-^bip  with  Mr.  Henry  Ackerley  of  Wigan, 
and  Mr.  William  Appleton  of  Oswestry,  ami  Lhis  partnership  was  carried 
on  under  the  style  of  Peace,  Ackerley  &  Appleton,  at  Leader's  Build- 
ings, King  Street.  Mr.  Appleton  shoitly  afterwards  retired  from  the 
firm,  and  the  business  was  conducted  under  the  stylo  of  Peace,  Ackerley 
and  Co,  Al>ouL  1883  this  partnership  was  dissolved,  and  Mr.  Peace  joined 
Mr.  Thomas  Ratclitle  Ellis,  the  surviving  partner  of  the  firm  of  Scott  and 
Ellis,  and  the  combined  husinefjses  liave  since  been  carried  on  under  the 
style  of  Peace  A:  Ellis. 

Mr.  Peace  hehl  numerous  public  appointments,  and  filled  them  with 
ability.  His  services  as  secretary  of  the  Wigan  Mininjr  and  Mechanical 
School,  from  its  foundation  in  1858  to  the  present  time,  will  long  be 
remembered  in  the  local  history  of  teclniical  education.  He  was  apj- 
pointed  law  clerk  and  secretary  of  the  South  Lanciishirc  and  Cheshire 
Coal  Association  on  the  3rd  April  1861,  and  acted  in  that  capacity  up 
to  the  time  of  his  deatlj.  He  was  appointed  solicitor  to  the  Mining 
Association  of  Great  Britain  in  February  1866,  becoming  secretary  of 
the  Association  in  February  1870,  and  he  acted  as  law  clerk  and  secre- 
tary up  to  the  time  of  his  death. 

He  was  for  many  years  identified  with  the  municipal  life  of  Wigan, 
first  as  a  conncillor,  and  subsequently  as  town  clerk— -a  position  he  filled 
for  a  period  of  more  than  eighteen  years,  viz.,  from  24th  September  18G6 
to  3l6t  March  1885.      On  the  occasion  of   hia  retirement  from  thia 
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office,  be  wit  presttnted  by  the  members  of  the  Tova  Council,  tod  thi 
leaclmg  officials  of  tiie  Corporation,  with  a  beautiful  piece  of  plate  tiki 
an  iiluminated  addresa.  He  was  ihortly  sifierwards  appointed  an  ^^ 
man  of  the  liorougb,  and  was  more  than  onri*  invited  to  accept  tbf 
Mayoralty,  which  he  was  compelled  to  decline  owing  to  the  state  of  hil 
own  and  of  his  wife's  health.  On  the  day  of  hb  death  he  was  appomied 
returning  alderman  of  one  of  the  wardi?,  and  hii»  name  waa  placed  <m 
several  committees.  He  represented  VV^ignn  on  tlie  County  Joint  Com 
mittee  to  enforce  the  provisions  of  the  Rivers  Pollution  PreTenlion  Ac^ 
1876,  in  relation  to  the  river  Ribble.  He  was  relumed  unoppoeedto 
the  Lancashire  Cuunty  Council  m  the  iir^t  Councillor  representing  tbt 
Suuidish  DivisiaUf  and,  on  hia  term  of  office  expiring^  was  again 
without  opposition.  He  was  also  appointed  Chairman  of  the  Parllameutvf 
Committee  of  the  Council,  a  position  which  his  abUitiee  and  repntitioi 
eminently  qualified  him  to  filL 

Mr.  Peace  was  the  author  of  several  booki^  relating  to  mining  law.ifld 
hi^  works  on  the  Coal  Mines  Regulation  Acts  and  the  Truck  A 
accepted  as  authorities  on  the^e  subjecta.  On  all  questions  alfe* 
law  of  mineralg  he  was  an  admitted  authority,  whilst  on  questions  anang 
on  Private  Bills  in  Parliament  his  opinion  was  frequently  sought  in  ihi 
interests  of  coalowners,  property  owiiere,  and  traders  generaily,  witbtlit 
view  of  obtaining  jmjtective  clauses.  In  connection  with  the  Railwif 
and  Canal  Traflic  Act,  1888,  Mr.  Peace  was  actively  engaged,  as  wpn- 
Benting  the  Mining  Association,  on  the  Boanl  of  Trade  inquiry  into 
the  revised  schedules  an<l  clu^sifications  of  the  varii>U8  railway  dompam** 
and,  subsequently,  on  the  inquiry  before  the  Joint  Select  Committee  of 
I^rda  and  Commons  on  the  Provisional  0^^er  Bills  which  were  bwuglit 
in  to  conUrm  those  schedules.  Mr.  I'eace  was  engaged  uji  to  the  tu&a 
of  his  death  in  the  Board  of  Trade  inquiry  into  the  revised  schedulei 
the  various  canal  companies,  and  railway  companies  owning  canala. 
conveyancing  lawyer,  particuhirly  aa  regards  mining  leases,  he  was 
authority.  He  was  the  Secretary  to  the  Board  of  Examination  for 
managers  certiticates  for  the  districts  of  Korth  and  East  Lancashiit 
Ireland,  and  AVest  Lancashire  and  North  Wnles.  He  was  appointed 
<:itor  and  secretary  to  the  Lancashire 'and  Cheshire  Coalownera* 
Association  on  the  establish meut  of  that  organisation  in  June  last. 

At  the  last  annual  meeting  of  the  ^fanchester  Geological 
Jtr.  Peace  was  appointed  President  of  that  body  for  the  ensuing 
Amongst  his  numerous  other  appointments  he  wan  tlie  solicitor 
Lancashire  and  Chesliirc  Minors'  Permanent  Relief  Society,  tb 
Association  for  dealing  with  Ilistress  caused  by  Mining  Accidt  .   , 
the   Colliery   Managers'  Association,   while  in  addition   to  bis  puWic 
appointments,  he  was  tha  secretary  of  the  Wigan  Coal  and  Iron  Goib^ 


fori 


OBITUARY PERCEVAL  M.  PARSONS.  295 

Limited,  from  the^  beginniiig  of  1870,  aa  well  as  secretary  to  the 

•II  Colliery  Company,  Limited,  Nottingham,  since  its  formation  in 

\W$7t  *nd  to  the  Colliery  Guardian  Company,  Limited. 

Mr*  Peace  was  a  prominent  Freemason,  and  when  the  Volunteer  move- 

tii  wa«  originated  in  the  Wigan  district,  he  interested  himself  in 

on  witli  it,  and  was  appointed  Lieuteiiant  of  the  Haigh  corpB. 

(t^llfld  been  a  member  of  the  Iron  and  Steel  Institute  since  1876. 


Mfkh  M,  Parsoxs,  who  died  at  his  residence,  Melbourne  House, 
ibeathf  in  November  1892,  at  the  age  of  seventy-three  years,  was 
Mj  known  for  his  patents  for  improvements  in  ordnance,  several  of 
kick  were  adopted  by  the  War  Office,  and  more  recently  as  the  inventor 
manganese  bronze,  an  alloy  now  very  extensively  used  on  account  of 
grvat  strength*  He  had  from  lirst  to  last  introdnoed  a  number  of 
Btentious  to  pnblic  notice,  amongst  his  ordnance  inventions  being  a 
im  of  inserting  rifled  st/^el  tulies  into  the  then  useless  old  castriron 
with  a  view  to  making  them  serviceable,  and  a  bult  for  tish  and  armour 
f,  which  was  favoumbly  reported  upon  in  England,  and  was  adopted 
U]«  Eusdian  Government,  as  well  as  other  inventions  and  proposals. 
hen  he  had  satisfied  himself,  in  1860,  that  his  proposed  system  of 
Dg  new  liners  would  ren<ler  the  old  cast*iron  guns  available 
Iff  ice,  Mr.  Parsons  laid  his  invention  before  the  Ordnance 
Ittee,  who  made  an  attempt  to  carry  it  out ;  but  they  did  not 
Tt  favourably  on  it,  and,  believing  that  his  invention  had  been 
Mr.  Parsons  allowed  his  patent  to  lapse.  In  1862,  Captain 
liter  patented  an  almost  similar  system  of  converting  guns,  which  the 
ce  Committee  tinally  adopted.  Mr.  Paraona  thereupon  put  in 
to  be  the  original  inventor  of  the  system,  and,  after  much  effort 
a  recognition  of  his  rights,  he  received  from  the  War  Office 
wtain  amount  of  compensation,  Mr.  Charles  Hutton  Gregory,  to  whom 
matter  was  referred,  having,  as  arbitrator,  decided  that  the  claims  of 
i  PaiBona  were  just  and  equitable. 

Pmposals  were  at  an  early  date  submitted  by  Mr.  Parsons  for  the 
instruction  of  a  central  London  railway,  which  was  to  follow  very 
ly  the  course  of  the  present  Metropolitan  District  hue,  and  to  have 
DQQeciioiis  with  most  of  the  other  Metropolitan  systems.  One  feature 
f  the  icbeme  was  to  be  the  eon  struct  ion  of  a  large  central  station  on 
le  peeeni  site  of  the  Embankment  Gardens,  with  platforms  for  each  of 
tt  diief  companies.  Robert  Htephenson  approved  the  proposal,  and 
loeptiHl  the  position  of  consulting  engineer,  while  Mr.  John  (afterwards 
ir  John)  Hawkshaw  was  to  l>e  the  chief  engineer,  and  Messrs.  Parsons 
td  Berkley  were  to  be  the  acting  engineers.  But  the  scheme  was  never 
Ified  oaW  mainly  because  the  attention  of  the  public  waa  diverted,  by  the 
war  and  other  matters  then  pending,  to  other  forms  of  enterprise. 
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Mr  PanoDB  was  a  son  of  Mr,  John  Parsons  of  Scraptoft,  Leicesiers 
and  received  hb  early  education  from  the  Rev,  J.  Dallcn,  of  Sho 
liiiJ,  Kent.     He  afterwards  studied  for  two  years  at  PortsiDOTith  Ik 
yard,   and   thence   proceeded   to    London,   where   he   was  arttded  I 
Messrs.  Bmlthwaito  Sc  Milues.     Having  been  employed  on  engine 
work  for  a  time — first  with  Afr  John  Rennie,  and  afterwards  with  ] 
peter  Bnifif — he  undertook  to  make  the  sun^eys  on  a  brunch  line  of  i 
PEastern  Counties  Htiilway,  and  finally  set  up  in  London  on  Ms  i 
account  as  an  engineer     He  was  a  man  of  very  honourable  and  i 
forward  character,  and  had  many  friends. 

i/Hknby  .L  Marten  was  born  in  February,  1827,  at  Plaistow, 

ne  was  articled  to  Mr.  Wickfltoa^lt  the  eminent  engineer,  and  wu  1 
resident  engineer  under  Mn  Wickstead  during  the  construction  of  i 
works  in  Hidl,  and  subsequently  of  the  first  WolverhamptGn  Waterwcn 
He  continued  with  the  latter  company  as  their  engineer  for  some  yB»» 
after  the  completion  of  the  works. 

Amongst  other  local  works  constructed  by  Mr*  Marten  wane 
Wolverhampton  Waterworks  extensions  at  Goldttiom  Hill  and 
ford,  the  Stourbridge  District  Waterworks,  the  Wellington  (Shropsb 
Waterworks,  the  Bridgnorth  Waterworks,  the  South  Staffordshire  Wati 
works  (in  partnership  with  tlie  late  Mr.  IMaclean,  M.R),  the  Tamvoi 
District  Waterworks,  the  West  Gloucestershire  Waterworks,  the 
isewage  Works,  the  Tipton  Sewage  Works,  and  Tettenhall  Sewage  Worb. 
He  was  engineer  to  the  Severn  Commissioners,  find  at  the  time  of  hi^ 
death  was  carrying  out  a  very  important  scheme  of  improvement  in  tlw 
navigation  of  that  river.  He  was  also  cousulting  engineer  to  the  Co^ 
poration  of  West  Bromwich  with  respect  to  their  sewage  works,  sndl 
acted  as  consulting  engineer  to  the  Board  of  Agriculture,  and  to  I 
predecessors^  the  Lnnd  Commissioners,  the  Corporation  of  ^'*  '  '  *"' 
_  York  Waterworks  Company,  the  Thames  Conservators,  the  r 

^H        and  Worcestershire  Canal  Company,  and  other  important  bodies. 
^H  At  the  instance  of  an  iufiuential  body  of  traders  in  the  district,  he 

^H         some  years  ago  made  a  complete  survey  of  the  waterways  between  Bi^ 
P  Toingham  and  London,  and  submitted  uu  exhau&tive  report,  setting  fofln 

^^  a  scheme  for  their  improvement.     He  was  also  consulted  by  the  Le««l* 

^H         and  Liverpool  Canal  Company  with  respect  to  proposed  im prove rocnU* 
^H         He  had  been  for  many  years  one  of  the  statutory  arbitrutoi^  under  t 
^H         South  Staffordshire  Mines  Drainage  Acts. 

^H  In  Parliamentary  work  and  arbitra lions,  Mi%  Marten  was  much  f*>^ 

^H         after.     He  was  usually  retained  in  all  the  important  water  cases 
^H         Committees,  one  of  his  latest  retainers  being  on  behalf  of  the  Corpown^tt 
^^^H<  of  Birmingham,  in  connection  with  their  Water  Bill  of  lost  ( 
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most  recent  important  appearance  in  public  was  in  the  autumn  of  1892, 
when  he  gave  evidence  before  the  Royal  Commission  on  metropolitan 
water  supply. 

He  married,  first,  the  only  daughter  of  the  late  iMr.  E.  K  Bimmack, 
ironmaster,  J.P.  and  D.L.  for  Stalfordsliire  and  J.P.  for  the  borough  of 
Wolverhampton,  who  also  served  as  High  Sheriff  for  ^fonmouthshirc 
about  forty  years  ago*  lie  liad  four  sons,  three  of  whom  are  living,  and 
three  daughters,  all  living,  by  her.  For  many  years  he  carried  on  the 
Parkfield  Ironworks  in  partnership  with  Mr.  Dimmack.  His  second  wife 
was  the  widow  of  the  late  Mr.  William  Pilkington,  J.R,  of  Blackbnm 
and  Wood  End,  Yorkshire, 

Mr.  Mark-n  had  two  brothers  living,  the  elder  being  Mr.  A.  G. 
Marten,  Q,C.,  and  the  younger  Mr.  E.  B.  Marten  of  Stourbridge, 
the  latter  of  whom  is  the  engineer  to  the  South  Staffordshire  Mines 
Drainage  Commissioners  and  other  corporations. 

He  was  a  member  of  the  Institution  of  Civil  Engineer^,  a  member 
of  Council  of  the  Royal  Meteorological  Society,  and  a  fellow  of  the 
Geological  Society.  I[e  was  an  original  member  of  the  Iron  and  Steel 
Institute.     He  died  on  the  3rd  November,  1S92. 

Teo^fAS  W.  Ckavvuall-Wilson,  who  died  at  his  residence,  Alston 
House,  on  25th  April  18U2»  was  the  oldest  son  of  the  late  Mr.  Isaac 
Crawhall,  of  Nun  Monkton,  Yorkshire.  The  family  from  which  he  was 
descended  was  of  old  standing  in  the  dales,  and  had  been  long  connected 
with  the  lead  mining  industry.  ^Ir.  Craw  hall- Wilson  for  a  time  was 
managing  partner  of  Huilgill  Burn  and  also  of  Rodderup  Fell,  two  of  the 
most  productive  mines  in  the  Alston  Manor.  He  was  also  the  managing 
partner  in  Coanwood  Colliery,  and  Cbairmaii  of  the  Solway  Iron  Coy,, 
Maryport.  He  qualified  as  a  Cumberland  County  Magistrate  in  1876. 
He  adopted  the  additional  surname  of  Wilson,  and  acceded  to  the  Nenfc- 
hall  estate  and  other  properties  on  the  death  of  his  unclcy  Mr.  Wilson  of 
Shotley  Hall,  in  1880. 

The  deceased  was  for  a  number  of  years  connected  with  the  Alston 
Rifle  Volunteers,  and  attained  the  rank  of  Captain.  He  was  an  ardent 
Conservative  politician,  and  held  at  his  death  the  offices  of  President  of 
the  Alston  Union  Club,  and  of  ruling  councillor  of  the  local  Prim- 
rose League.  Althou-^h  Mr,  Cmw hall- Wilson  has  rarely  been  in  robust 
health,  he  w^as  admittedly  a  shrewd  and  able  business  man.  His  relations 
with  his  workmen  were  generally  of  the  best,  and  if  we  except  the  Coan- 
w^ood  colliery  strike  of  1890,  the  firms  with  which  he  was  connected 
seldom  had  a  dispute  with  their  men.  As  a  magistrate  he  was  ever 
disposed  to  treat  offenders  with  such  leniency  as  was  compatible  with 
duty  J  and  never  pronounced  a  severe  sentence  unless  in  cases  marked  by 


eb  woven  over  the  door  of  the  district  lock-up."  He  was  an  enthaa* 
iistJc  politiciaTi^  and  an  elective  platform  speaker.  He  had  been  a  doM 
Btudejit  of  political  queations  from  his  youth,  and,  having  a  most  retcntife 
memory,  was  an  admitted  authority  on  Parliamentary  and  party  topici 
He  had  travf»lleii  widely.  About  half-ft-do«en  years  ago  he  wintered  ia 
the  West  IndiesL  In  the  autumn  of  1H90  ho  visited  ih©  United  StitM 
nnd  Canada,  a^  a  member  of  the  Iron  and  Steel  Iiiatitiite.  It  is  beUefld 
that  this  journey,  with  ita  long  mileage  of  railway  travel,  ita  continti 
aight-eeeing,  bustle,  and  unrest,  told  heavily  on  a  constitution  never  vn 
robuaL  Mr.  Crawhall-Wilaon  returned  to  En*-:Und  in  delicate 
ttJid  he  does  not  appear  alnce  to  have  ac<^uired  tone  and  stamina,  I 
be  was  generally  sufficiently  well  to  meet  hia  businen  engagemeB^ 
Deceased  was  in  his  67  th  year*  Mis.  Craw  hall- Wilson  survival  1 
Imsband,  as  well  as  five  sons  and  two  daughters. 


John  Varlky,  of  the  Leeds  Forge  Company,  Leeds,  w«a  bom  in  tiiit 
town  on  the  7th  August  1828,  and  died  at  the  Adelphi  Hotel,  Liverpod, 
from  syncope,  on  the  17th  November  1892. 

Mr.  Varley  commenced  business,  when  fourteen  years  of  agSi  ai  I 
works  of  Messrs.  Maclay  &  Maish,  of  Kolbeck,  Leeds.  He  soon  lonf 
be  asfldstant-manaji^'er  of  the  works,  and  from  there  he  proceeded  to  t 
Clarence  Iron  Works  of  Messrs.  J,  Whitham  &  Sons,  of  Leeds,  whom  b« 
represented  for  three  years,  or  thereabouts  Leaving  Clarence  Worb* 
when  about  thirty  years  of  age,  he  became  manager  and  chief  dni^t^ 
man  for  tlif-  London  firm  of  Hepworth  &  Sons,  whence  he  transfeBw 
hifl  services  to  Messrs.  C.  Cammell  ife  Company,  of  Sheffield.  He  ollJ- 
mately  became  connected  with  the  Faniley  Iron  Company.  At  I 
time  there  was  not  much  talk  of  mild  steel  superseding  the  old  Tofl 
shire  iron,  but  the  change  came  about  sooner  than  was  expected,  J 
^In  Varli'V  Inivini?  removed  from  iha  old  Farnley  Iron  Works  to  th» 
Leeds  Forge^  had  to  face  there  tlie  problem  of  producing  steel  od 
the  open  hearth.  He  did  this  with  notable  success,  and  he  had  p»> 
on  a  business  visit  to  Liverpool^  in  connection  with  the  Leeds  Forg»» 
when  he  died.  He.  wiis  a  memlaer  i>f  the  Institution  of  Mechanicil 
Enj^nneei-s,  of  the  Korth-East  Coast  Institute  of  Engineers  and  Sbip* 
builders  and  of  the  Iron  and  Steel  Institute,  which  he  joined  ill 
He  was  also  an  associate  of  the  In^stitution  of  Naval  Architects. 

V  Sir  James  Beunlwa  ^^^o  died  at  Wimbledon  on  Jun^  2*  1692»  in  I 
seventy-seventh  year  of  his  age,  was  bom  at  Kelso,  Roxburghshire^  oa 
January  5,  181 6>     After  leaving  school  he  was  put  by  his  fithef 
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lening  and  farm  work,  with  the  view  to  his  taking  up  the  duties  of  a 
landscape  gardener.  This  occuputiOD,  however,  was  not  congenial  to  his 
tastesj  and  having  himself  earned  enough  to  carry  out  his  wish,  he  went 
to  Edinburgh  University  for  two  seaaions,  and  there  took  up  civil  engi- 
neering, being  first  employed  in  1838  as  assistant  to  the  late  Mr,  Alex. 
Adie  on  the  Bolton  and  Preston  Railway.  At  a  later  date  he  joined  the 
staft'  of  ^lessrs.  Locke  X'  Erringtnn,  and  took  an  important  part  in  laying 
out  the  Caledonian  line  from  lieattock  to  Carstairs,  with  branches  to 
Edinburgh  and  Glasgow.  On  the  completion  of  this  work,  he  was  offered 
the  post  of  acting  engineer  on  the  Lrancashire  and  Yorkshire  Railway 
under  the  late  Sir  John  Htiwksbaw,  engineer-in-chief.  In  1850  be  went 
to  Ireland,  where  he  was  employeil  on  tlie  I^ndonderry  and  Coleraine 
Railway.  Two  years  later,  he  undertook  the  engineering  work  of  the 
Ulverston  and  LancaKter  Railway  across  Morecambe  Bay,  which  involved 
heavy  embankments  and  several  iron  bridges.  In  addition  to  acting  as 
arbitrator  in  the  settlement  of  tiisputed  contracts  and  other  railway 
matters,  Mr  Bnmless  carried  out  a  number  of  public  works,  including 
the  Solway  .Tunction  Railway,  which  comprised  a  viaduct  of  a  mile  and  a 
quarter  in  length  over  the  Solway  Firth  ;  tVie  Clifton  Extension  Railway ; 
the  Mersey  Tunnel  Railway  between  Liverpool  and  Birkenhead  (in  con- 
nection with  which  he  received,  in  May  1886,  the  honour  of  knighthood) ; 
the  Mont  Cenia  Summit  Railway  (wrhich  involved  very  steep  gradients) ; 
the  Avon  mouth,  King's  Lynn,  and  Whitehaven  docks ;  the  South  port, 
New  Brighton,  and  Llandudno  piers,  and  the  new  pier  and  pavilion  at 
Southend.  Among  his  principal  works  abroad  were  the  Central  Uruguay, 
San  Panlo,  Bolivar,  and  other  mil  ways  in  South  America. 

Sir  James  was  joint- engineer  with  Sir  John  Ilawkshaw  for  the  Channel 
Tunnel  scheme.  He  became  a  member  of  the  Institution  of  Civil  Engi- 
neers in  1872,  iind  at  a  later  date  he  was  elected  to  the  olhco  of  President 
of  the  Institution,  lie  was  also  a  Fellow  of  the  Royal  Society  of  Edin- 
burgh, He  joined  the  Iron  and  Steel  Institute  in  1872,  but  seldom  took 
any  part  in  its  deliberations. 

CrioRr.E  Grakvillb  Leveson  Oower,  K/n,  Duke  of  Sutherland,  who 

died  at  Dunrobin  Castle,  Ross-shire,  on  Thursday,  September  22,  1892, 

IfWas  eldest  son  of  the  second  Duke  and  of   Lady  Harriet   EIizal>eth 

'^Oeorgina,  daughter  of  the  sixth  Earl  of  Carliifle.     He  was  bom  in  1828, 

and  succeeded  to  the  titles  and  et^tates  on  the  death  of  his  father  in  186L 

Lin  the  peerage  of  Scotland  he  waa  Earl  of  Suthprland  and  Baron  Strath- 

naver  ;  in  the  peerage  of  England  he  was  Tkron  Gtiwer ;  in  that  of  Great 

Britain  he  was  Earl  Gower,  Viscount  Trentham,  and  Marquis  of  Staflford ; 

while  in  that  of  the  Ignited  Kingdom  he  waa  Duke  of  Sutherland^  hi 

father  having  been  advanced  to  that  dignity  in  1833. 
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In  1841*,  when  Marquis  oi  Stafford,  tlie  kte  Duke  married  Aniic,<>Blv 
child  of  Mr.  John  Hay  Mackenzie,  of  Ctomartie  and  Newlmll,  who  t 
created  Countess  of  Cromartie  in  her  own  right  in  1861,  in  token  of  ] 
f^jesty's  great  pcrsond   rcgaril    t^r  her     Tlie  late   Duchess  waa 
[istreas  of  the  Roljea  to  the  Queoo  from  1870  till  lS7i.     On  her  ile< 
in  1B88  she  was  succeeded  in  her  titles  and  estates  by  her  ^ecoud  «nn. 
the  present  Earl  of  Cromartii?,     In  1889  the  Diiko  married,  a?  his  sccddiI 
wife,  Mary  Caroline,  widow  of  ^Ir.^Vrthur  Kindersley  HI  air,  and  daughter  ul 
tlie  late  Rev,  Richard  Michel],  D.D.,  I'rinciiml  of  Ucrtfonl  College, OxfoK 
The  late  Duke  was  Lord- Lieutenant  of  the  counties  uf  Suthcrb 
and  Croinartie.     He  was  lor  a  time  Honorary  Colonel  of  the  1  lUi  Dob 
of  Cambridge's  Own  (Midtile^ex)  Re^^iment.     As  Martjuis  of  Stiiff»nil 
represented  Sutherlan«i8hire  iu  the  House  of  Commons  from  18521 
IJ^GI,     He  w*as  long  known  as  one  of  the  most  liberal  and  eiiterjn 
of  Scottish  landowners,  and  he  took  very  public-spirited  action  io 
reclamation  of  waste  lands,  and  the  extension  of  railways  and  fftilv 
traffic,  in  the  northern  counties  nf  »Scotland     It  has  l:>een  stated,  uiaifr* 
over,  that  no  Scottish  landlord,  of  recent  times  at  Umt^  has  expended  jacli_ 
large  sums  of  money  on  the  improvement  of  hi.s  estates,  and  thatth 
was  done  nmch  less  with  an  eye  to  profit  than  from  a  disinterested  def 
to  improve  the  land,  to  develop  the  resources  of  tlie  country,  and  I 
promote  the  comfort  and  well-being  of  the  people  living,  not  only  anl 
own  estates,  hut  throughout  the  North  of  Scotlaml, 

The  inquiry  of  Lord  Kapler's  Commiaaion  some  year?  ago  brought  t 
the  fact  that,  iluring  the  thirty  years  from  1853  to  1882,  the  late  Dul 
and   Ilia  father  had  spent  on  '*  estate   works  '*  at  Dunrobin  a  Bum  ' 
£637^300.     Subsequently  the  late  Duke  embarked  on  a  project  for  I 
reclamation  of  waste   lands  at   Lairg  and  at   Kihionan,  on  whicli 
expended  JE254,lJ0O.     These  works  have  not  yielded  the  return  tliatf«» 
expected  from  them,  but  they  gave  employment  to  a  large  number  w 
local  labourers,  and  they  are  a  monument  to  the  energy  and  liberality  o' 
their  projector.     The  Duke  also  expended  nearly  £50,000  on  the  oo<J* 
mines  at  Brora,  and  on  steam  sawmills  and  brickworks^,  with  the  vieww^ 
developing  and  encouraging  local  industries.     His  liberality  and  cati 
prise  were  quite  as  conspicuous  in  the  prominent  part  he  took  in  ext< 
ing  the  railway  system  to  the  norlliern  counties.     He  invented  largely  1^ 
the  original  Highhmd  Railway,  and  >vas  one  of  the  chief  promoters* 
the  extension  of  that  line  from  Dingwiill  to  Strome  Ferry.      He  is  ^^ 
more  closely  identified  with  the  extensions  of  the  Higldand  maia 
north  of  Bonar  Bridge,  and  it  hag  been  said  that,  but  for  him,  the! 
extensions  would  not  have  been  carried  out.     To  the  expense  of  the  f 
section — from  Bonar  Bridge  to  Golspie — ^he  contributed  £94,200. 
second  section— from  Golspie  to  Helmsdale — Wii3  made  entirely  at 
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expense.  It  cost  £72,100.  and  is  very  properly  known  as  "  The  Duke  of 
Sutherland's  Railway."    To  the  cost  of  the  third  section — from  Helmsdale 

Wick,  with  a  branch  to  Thurso—he  contributed  £60,000.    Thus  those 

ctions  of  railway  received  from  him  no  less  a  sum  than  £226,300,  and 
the  interest  he  received  in  return  amounted  to  only  2  per  cent,  per  annum. 

The  connection  of  the  family  with  Staffordshire  led  the  Duke,  as  well 
as  his  father,  to  take  an  interest  in  the  development  of  the  railway 
system  in  England, 

The  late  Duke's  father  was  one  of  the  most  liberal  supporters  of  the 
Liveri>ool  and  Manchester  Railway,  when  it  was  commenced^  and,  in  con- 
sideration of  the  valuable  financi«l  assistance  which  he  rendered  at  that 
time,  arrangements  were  matle  for  having  the  father,  and  the  son  after 
hira,  permanent  director?  of  the  Company,  in  accordance  with  w^hich 
the  late  Duke  sat  for  a  great  part  of  his  lifetime  as  a  director  of  the 
London  and  Xortli- Western  Railway.  He  was  also  largely  interested 
in  the  mineral  industries  of  Staffordshire,  being  one  of  the  proprietors 
of  the  Lilles]iall  Works  in  Shropshire,  and  having  an  interest  in 
other  undertakings.  He  took  a  considerable  interest  in  metallurgical 
progress,  and  after  he  became  a  member  of  the  Iron  and  Steel  Institute 
in  1872,  he  now  and  again  attended  the  meetings,  but  never  took  any 
more  prominent  part  in  the  proceedings.  One  of  the  most  notable 
incidents  in  tlie  life  of  the  late  Duke  was  his  visit  to  India,  in  company 
with  the  Prince  of  Wales,  in  1876,  He  had  the  honour  on  more  than 
one  occasion  Up  entertain  the  Queen  and  the  Prince  and  Princess  of 
Wales  at  Dun  robin.  He  cordially  supported  the  Suez  Canal  scheme, 
and  was  present  at  the  opening  ceremony. 

Isaiah  Be  van,  who  was  killed  at  Lknelly,  Soutli  Wales,  on  Tuesday, 
the  17th  of  pJanuary,  by  the  falling  of  a  lot  of  pig  iron  which  was  being 
loaded  at  the  docks  of  that  town,  was  well  known  in  South  Wales  as 
an  enterprising  and  successful  manufacturer  and  man  of  business. 

The  dect^ased  gentleman  was  tlie  eldest    son    of   Mr,  John    Be  van, 

Brynrhos,  Llanelly,  and  was  born  about  forty-one  years  ago.     His  early 

'ears  were  spent  at  the  lleolfawr  Schoolj  and  shortly  afterwards  he  was 

prenticed  as  a  pattern-maker  at  the  ^Vern  Foundry.  His  training  here 
gave  him  a  practical  insight  into  business^  which  was  a  large  factor  in 
his  later  success.  He  spent  some  time  out  of  the  town,  but  subsequently 
returned  and  joined  his  father  in  extensive  chemical  works  at  the  New 
Docks.  Bringing  to  bear  upon  this  undertaking  the  whole  of  his 
energies,  the  business  soon  developed,  and  a  few  years  ago  another 
manufactory  was  erected  adjacent  to  the  Did  (Jastle  Tinplate  Works. 
Nor  was  IVIr.  Be  van's  connection  confined  to  ehemieal  manufactories. 
He  had  a  large  interest  in  the  Burry  Tinworks,  and  recently  was 
appointed  on  the  board  of  directors. 
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Mr.  Be  van  came  from  an  uld  XoDoonformmt  and  Liberal  family,  ind 
at  the  Inst  parliameDtary  election  he  worked  unceasingly  for  the 
of  the  Oladatonian  candidate,  and  was  largely  responsible  for  the 
pondcrance  of  votes  cast  lor  the  Liberal  candidate  in  the  seaside  \ 
now  dock  districts^  where  he  wai  eapedally  popular.  For  some  time  1 
occupied  a  seat  ou  ih*s  Local  I{<iiLrd  and  Harbour  Commissioners,  bat 
relinquished  this,  and  at  the  last  County  Council  election  (March  1692) 
he  waB  returned  for  Ward  No,  X  He  devoted  himself  aadduoitslj  lo 
the  work  of  the  Council,  and  was  [iroving  hims^elf  to  be  a  useftd  ; 
Until  r<)C4?ntJy,  he  was  the  socr^tafy  of  the  Llauellj  Chamber  < 
merce,  and  only  retired  owing  to  the  numerous  calls  upon  his  time. 
still  continued  to  be  a  n^gular  attendant  at  the  monthly  meetinj^s,  i 
he  took  a  prominent  part  in  the  movement  for  improving  the  ship 
facilities  of  the  port. 

Mr.  Be  van  waii  an  ardent  sportsman,  and  his  figure  could  often  be 
seen  on  the  cricket-field.  He  was  in  complete  accord  with  the  aspia- 
tions  of  the  Welsh  people.  The  recently  formed  Cymmrodorion  Sodd 
found  in  him  a  supporter,  and  he  was  unanimously  elected  to 
treasurers  hip.  At  the  fortnightly  meetings  he  was  a  constant  atieadtui 
As  a  large  employer  of  labour,  Mr.  Be  van  was  in  a  position  to  know  the 
extent  of  the  present  depression,  and  he  was  one  of  the  first  movers  in 
the  direction  of  providing  moa^iures  of  relief,  lie  wns  a  member  of  the 
Juint-Standing  Conimittee  of  the  CLirmarthcnshire  district,  where  hii 
services  were  appreciated. 

lie  was  married  to  ^liss  Bishop  of  Swansea^  who  survives  hiuu' 


V^  William  Powell  Shinn  was  born  in  Burlington,  New  JerseyJ 
14, 1834.  He  began  his  professional  life  as  a  civil  engineer  in  1849,i 
WIS  for  a  time  engaged  in  making  surveys  for  county  maps  in  Mitfi- 
ohusetts  and  Khode  Island.  In  May,  1850,  he  entered  the  service  (' 
the  Ohio  and  Pennsylvania  Railroad.  He  rapidly  passed  through  t 
intermediate  grades,  and  in  August,  1852,  was  appointed  assisti 
engineer  in  charge  of  a  division  of  the  road.  In  the  following  Af 
he  became  principal  assistant-engineer  in  charge  of  the  location 
construction  of  eighty-three  miles  of  the  Fort  Wayne  and  Chita 
Railroad.  In  February  1885  he  practically  abandoned  the  ad 
practice  of  railway  location  and  construction,  and  began  to  ooenpj 
himselt  with  the  details  of  traffic  and  general  management  of  railways  bf 
taking  charge  of  the  freight  department  of  the  Ohio  and  Pennsylvanit* 
Railroad  Company,  From  October,  1856,  to  September,  1S61,  he  heW 
various  responsible  positions  in  the  accounting  department  of  the  Pitts- 
burg, Fort  Wayne,  and  Cliicago  Hailroad  Company.  In  September 
18G1  he  took  charge  of  the  passenger  department;  in  September  IS 
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he  was  made  superintendeut  of  the  passenger  department ;  and  in 
October  1865  he  was  made  the  head  of  the  freight  department. 

When  tJie  Pennsylvania  Company  was  organised,  Mr.  Shinn  was 
appointed  as  an  expert  to  examine  the  affairs  and  conditions  of 
the  varions  conjpanies  interested  in  the  lease  to  the  Pennsylvania 
Company.  From  May,  ISTI*  to  May,  1873,  h^  had  charge  of  the  eon- 
structiou  of  the  Ashtabula,  YoungBtown  and  Pittsburg  Railway  Com- 
pany, and  in  1873  he  became  president  of  tliat  road.  In  1871,  he  was 
vice-president  of  the  Alleghent^y  Valley  Rjiilway  Cominuiy. 

From  January,  1873,  to  October  1,  1871),  Mr.  Shinn  acted  as  thi.^ 
managing  partner  of  Carnegie,  M^Candless,  A  Co.,  and  had  charge  of 
the  building  and  operating  of  the  Edgar-Tbomaon  Steelworks.  In 
1879-80  he  reorganised  the  Vidcan  Steel  Company  of  St.  Louis,  antl 
rebuilt  and  started  these  work.s.  From  1 881  to  1887  he  was  vice- 
president  of  the  New  York  Steam  Company,  for  the  distribytion  of 
heat  by  steam  through  tlie  streets  of  New  York.  From  December, 
1 886,  to  Decem])er,  1 889,  he  was  vice-president  iu  responsible  charge 
of  the  New  York  and  New  England  Kail  road  Company,  and  in 
1888-89  he  was  president  of  the  Norwich  and  New  York  (steamboat) 
Tran sportatiou  Company. 

Mr.  Shinn  was  elected  a  member  of  the  American  Society  of  Civil 
Engineers  on  September  15,  18G9,  und  on  January  la,  1890,  he  was 
made  its  president.  In  1875  he  was  elected  a  member  of  the  liii^titLite 
of  Mining  Engineers,  his  leading  proposer  being  Alexander  L.  HoUey. 
In  1876  and  1877  he  was  one  of  its  vice-presidents,  and  in  1880  he  was 
elected  president. 

His  contributiotis  to  the  **  Transactions  ''  of  the  last-named  Society  in- 
clude, besides  remarks  in  discussion,  tlia  following  papers  : — "  Pittsburgt 
its  Resources  and  Surroundings''  (187*3,  viii.  11);  ''The  Advance  in 
Mining  and  Metallurgical  Art,  Science,  and  Industry  since  1875" 
(Presidential  Address,  February  1881,  ix.  293)  ;  "The  Distributiou  of 
Steam  in  Cities"  (1884,  xii.  632),  and  **The  Geneais  of  the  Edgar- 
Thomson  Blast  Furnaces"  (1890,  xix.  674).  But  these  published 
papers  by  no  means  represent  the  amount  of  his  labours.  His  special 
ability^  developetl  in  wide  and  various  experience  as  a  railroad  engineer 
and  manager,  as  *Iirector  of  the  E^giir-Thomson  Steelworks,  and  in 
the  difficult  and  novel  business  of  the  New  York  Steam  Company  (to 
mention  no  others),  was  in  the  organisation  and  control  of  complicated 
undertiikinys. 

In  1890,  the  Institute  of  Mining  Eugiueers,  and  the  societies  and 
trades  co-o}»erating  with  it  in  the  reception  of  the  Iron  and  Steel  Insti- 
tute, and  other  foreign  guests,  needed  just  such  a  man  as  Mr.  Shinn, 
and  he,  in  response  to  their  call,  leaving  positions  of  less  laborious, 
but  more  conspicuous,  service  to  he  filled  by  others,  accepted  the  chair- 
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mansliip  of  the  SuVComtnittee  ou  TransportAtion  of  ihe  Ge 
American  Reception  Committee,  The  arduous,  vexations,  exhaosta 
and  unreraittini:  labours  of  that  position  cannot  be  adequately  d6 
scribed.  Their  resnltit,  in  the  unprecrdented  excursions  of  mon*  ' 
hundred  guests  over  thousan^is  of  miles,  extending  from  Lake 
to  Southern  Alabama,  and  keeping  several  Pullman  trains  in  conti 
use  for  weeks — securing  not  only  the  collective  safety,  but  also  theitj 
vidual  comfort  of  the  travellers— have  lie»^n  the  tojuc  of  general  wo 
and  praise.  To  those  who  knew  that  in  the  midst  of  the  prepar 
for  those  intensely  busy  week^,  Mr,  Shinri  was  overwhelmed  by  I 
'  greatest  sorrow  that  could  befall  him,  in  the  death  of  his  tendi 
beloved  wife — from  whose  grave  he  turned  to  resume  the  work 
which  at  that  late  stasre  he  could  not  b«  spared  without  disaster— the 
sjiectacle  of  his  unweiirfed  zeal  and  efficiency  was  all  the  more  iuipf^s- 
sive.  Mr.  Shinn  carried  through  his  task  to  the  grateful  admiratmn  of 
all,  and  this  Institute  awarded  an  appropriate  testimonial  totbeiEanvl 
lous  executive  ability  which  had  done  so  much  for  their  couvenienof 
and  comfort ;  while  his  American  colleagues  were  not  backward  iu  con* 
fessing  their  debt  Ut  him  for  the  one  feature  which  made  the  inter- 
national meeting  of  1890  unique. 

Mr«  Shinn  had  been  a  member  of  the  Iron  and  Steel  Institute  stoct 
1878,  and  had  looked  forward  to  visiting  England  in  thesummer  of  1S92. 

Jaiies  Allan  was  bora  at  Johnstone,  near  Ghisgow,  in  \^^t 
He  came  to  Coatbri<lge  about  1846,  and  shortly  thereafter  entered  tha 
employment  of  Messrs.  Wiljsion  &  Co.,  Dundy  van  Ironworks.  At  i 
later  period  he  acted  for  a  time  as  an  engine-driver  on  the  then  Dewly- 
opened  Moukland  Railway.  He  learned  the  business  of  tul^eiuaki"^ 
in  the  service  of  the  Caledonian  Tube  Company,  and  in  1860  he  w** 
offered  and  accepted  an  important  sitimtion  w*ith  Messrs.  Marshall  wl 
Wylie,  of  Glasgow  Tube  Works.  In  1869,  Mr.  Alhtn  leased  iheCoJUs 
Tube  Works,  Coatbridge,  where  he  started  business  on  his  own  account. 
His  enterprise  in  these  works  turned  out  so  successfully  ibat  in  \^'^ 
they  were  found  too  small,  and  he  accordingly  built  the  Victoria  Tub*! 
Works,  Coatbridge,  which  were  specially  adapted  for  the  mantrfactnre 
of  iron  and  steel  boiler  tubes,  and  for  boiler  tube  ferrules.  In  U^^ 
Mr.  Allan  founded  tlie  Woodside  Steel  and  Iron  Works  for  the  manu- 
facture of  tube  strips  and  plates. 

He  accompanied  the  Iron  and  Steel  Institute  to  the  United  State?* 
Fmd  was  much  interested  in  what  he  saw.  In  returning  from  Amtnea^ 
ae  had  tVie  misfortune  to  he  a  passenger  on  board  the  Ethir/pid  Oo 
the  voyage  this  vessel  broke  her  siiaft  in  mid- Atlantic,  and  wa^  f«r 
several  days  in  imminent  danger,  the  voyage  altogether  occup/i»{^ 
twenty-four  days.     His  death  took  place  on  19th  March  1892. 
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The  Haematite  Ores  of  Cnmberland,— Mr.  J.  L.  Shaw*  di- 
scribes  the  hiematite  ores  of  Cumber  kind,  and  notes  their  occurrence 
in  the  granite,  the  syenitic  granites,  the  Skicldaw  slates^  the  volcanic 
series,  the  Coniston  limestone^  the  basement  conglomerate  beds^  md 
in  the  Carboniferoos  limestone,  the  latter  being  the  most  importml 
ore- bearing  bonzon.  The  various  systems  of  faults  are  mentiooi»i 
and  then  the  author  deals  with  the  form  and  description  of  ioidii 
of  the  principal  deposits,  an  account  of  the  Hodbarrow  mines  being 
given  as  an  example^  The  theory  of  tlie  origin  of  the  ore  upheld  by 
the  author  is  that  it  was  deposited  from  solution  in  caverns  formed  bj 
faulting,  and  by  the  corrosive  action  of  water  in  the  limestone,  Tbfi 
original  source  of  the  iron  was  in  the  ancient  overlying  rocks,  tiitt 
have  since  been  largely  denuded.  The  rate  of  deposition  was  grea^fe 
in  the  coal-measure  period^  but  it  is  considered  that  the  haematite  *i« 
formed  and  consolidated,  and  afterwards  carried  to  lower  leveU  tad 
redeposited.    This  theory  is  attacked  by  Mr.  J.  D.  Kendall, 


Frodingbam  Iron  Ore. — Three  typical  specimens  of  iron  ore  from 
the  Midland  Ironstone  Company's  mines  at  Frodiugharo,  Lincolnshire, 
selected  for  exhibitioo  at  Chicago,  have  been  analysed,  with  the 
following  results  ; — 


*  Tranmctiom  qf  the   Federated  InslUtUion  qf  Mining  Enffinttrn,   vol  iil  ft 
580-603, 
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No,  1. 

No.  2. 

No.|, 

IttTiAonde     ..... 

46^40 

S2-00 

88*20 

IhafMiCM  aiidt      ,         .         .        . 

l-^o 

1^ 

1-25 

SOin       .                                  . 

8-40 

6-80 

410 

3-60 

3-60 

S-80 

^Bi 

16  (K) 

26 '20 

25  35 

^^^BdlH 

0  211 

070 

018 

^^Bhnhe  ftnbvilriile 

0'14 

0^ 

0-07 

^Bai])hohc  Au  bird  ride 

1-23 

o-m 

030 

»-40 

18-20 

lT-20 

CMnbioed  wsier 

12  20 

^0-40 

990 

TolflU 

99-91 

100  13 

99-95 

VtlaJlic  iron 

92*60 

22  40 

26  70 

Sulphur 

ote 

ODS 

003 

0-63 

0^ 

0-26 

These  samples  were  takea  from  a  13*foot  bed  of  iron  ore;  No.  l^ 
4  feet  6  inches  from  the  top  of  the  bed ;  No.  2,  9  feet  6  inches  from 
fie  top;  and  No.  3,  12  feet  from  the  topw 

The  NutscMtz  Iron  Minea  in  Bohemia.— The  bed  of  iron  ore 

at  Nutschitz-Duschnik  is  of  Silurian  age,  and  is  situated  nine  miles 
■cmth-weet  of  Prague.*  It  has  the  form  of  a  long  lenticular  mass, 
trettdiiig  from  south-west  to  north-east  The  dip  varies  from  30*  to 
^*i  and  the  thickness  is  also  extremely  Yariable.  The  greatest 
:,  18  yards,  is  presented  by  the  ore  bed  at  the  point  where 
niabg  is  now  carried  on. 
The  unweathered  ore,  chamoisite,  is  of  a  bluish-grey  colour,  and 
of  a  finely  granular  ground-mass,  in  which  small  egg-shaped 
^^Httlas  (oolites)  are  embedded,  with  small  grains  of  spathic  iron 
HBoalween  them*  The  proportion  of  iron  in  the  raw  ore  averages 
l5  per  cent.  Experiments  have  shown  that  the  ores  average  37  per 
eat  in  tht  middle  and  up  to  the  roof  of  the  IS-yard  seam,  whilst 
tkey  airarage  32  per  cent  near  the  floor. 

The  method  of  working  is  a  variety  of  pillar  and  stall,  the  loss 
^  ore  not  exceeding  3  per  cent  The  production  of  the  mines  has 
^pidly  increased  since  the  introduction  of  the  basic  process  at  the 
ICIidno  Works ;  for  whereas  in  1880  it  was  48.549  tons,  in  1889  it 
u  258,340  tons. 

Bftmatite  from  Hungary,^ — In  accordance  with  the  request  of 
lie  Hungarian  Academy  of  iSciences,  J.  Loezka  t  has  analysed  the 

*  GiiUkauf,  ral  xxtiU,  pp.  812-844,  wi>h  Uluslrttion. 

f  Maikgmatiitkt  mnd  Naiurwinen^chd/tlUchf  JS^ricAU am  Ungam,  vol.  viii,  pp.  99-112; 
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well-known  varietj  af  hematite  occurring  in  the  H&rgita  MountaiM, 
Kakukhegy,    The  specific  gravity  is  5*289*    QualiUtiTe  analysis  shoved  | 
the  presence  of  iron,  oxygen,  and  tin.     The  author  made  : 
analyses,  and  the  mean  result  was  as  foUows : — 


tn»n. 
69  •&2 


Tin. 
052 


Ifiaoluble  RMidu«. 
015 


The  fornmla  Fe^O.^,  as  is  well  known,  demands  70  per  cent  of  iron 
and  30  per  cent  of  oxygen.     In  1882,  K.  Jahn  and  M«  Hassak  *  f( 
that  the  composition  of  this  haematite  was  as  follows  :— 


Iron. 
70127 


ToUl 
91170 


1 


Iron  Ore  in  the  Fichtelgebirge. — Professor  F.  von  Sandbergert 
gives  an  analysis  of  titaniferaus  iron  ore  from  the  river  sand  at  EosJati. 
The  Eger  contains  this  ore  at  several  phices  in  the  form  of  black 
metallic  grains,  undoubtedly  produced  Crom  disintegrated  litbiomte' 
granite.  The  colour  of  the  ore  is  dark  steel  grey,  and  the  specific 
gravity  is  4*659.  The  ore  is  non-magnetic,  and  yielded  on  analfits 
the  followinf'  results  : — 


TlUuic  Anhydride, 
4812 


Fonic  Oxldo, 
24 -95 


t^errou*  Oxide. 
27*96 


0  2!) 


mm 


The  ore  deposit  at  Arzberg,  near  the  Bohemian  frontier,  which  ii 
still  worked,  consists  chiefly  of  brown  iron  ore  and  cbalybite.  Tha 
latter  contains  4  per  cent,  of  mauganous  oxide.  Quite  rei.'eDiIy  * 
manganese  carbonate  has  been  discovered.  It  forms  a  thick  Uyer 
on  the  chalybite,  and  has  a  specific  gravity  of  3*59.  Analysis  gi^^ 
the  following  results : — 


Mftngmnive  Curbooate. 
S4'41 


lion  Cftrboiiiikte. 
14-22 


064 


040 


This  is  the  richest  in  iron  of  all  the  specimens  of  mangasi 
hitherto  analysed. 


Titaniferous  Iron  Ore  in  Ligurla.— By  chemical  tests  G.  Xig- 
nolo  I  has  proved  the  existence  of  titanium  in  the  magnetic  saada  vt 
the  Graveglia  river  in  East  Liguria,  and  regards  it  as  having 
derived  from  titaniferous  iron  ore. 


The  Iron  Ores  of  Spain.— The  iron  ores  of  Spain,  more  | 

•  Vegytani  La/mk,  vol.  i.  p.  43, 

+  Jafirbuch  fiir  Mtncraliffjie,  1803,  No,  it  pp,  37-^« 

t  Ani  dtUa  SQCtetd  Uffustii^  di  tcienze  naturttli,  vol.  i  |».  339. 
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UAf  in  their  geological  aspect,  are  discussed  by  Mr.  J.  D.  Kendall* 
Tlie  deposits  in  the  provinces  of  Yi^caya  and  Santanrler  all  occur  on 
ibout  the  same  geological  horizon,  which  corresponds  to  the  Upper 
Greenland,  and,  in  many  features,  resemble  the  hsematite  deposits  of 
West  Camberland  and  Fumess.  They  are  mostly  bed-like  in  form,  and 
are  regarded  as  products  of  replacement,  side  rite  being  the  primary 
ore  from  which  both  the  Umonite  and  the  haematite  have  been  produced 
1>y  the  agency  of  air  and  oxygenated  water. 

In  the  province  of  Mahxga  the  principal  ore  is  magnetite,  and  is  of 
Aidiiean  age.  These  are  also  bedded  or  bed-like  deposits,  and  may  be 
coDsidered  to  be  the  result  of  replacement  by  a  salt  of  iron  acting  on 
pr^e^ting  dolomite  and  subsequent  metamorphism.  Probably  they 
ifcthas  not  contemporaneous  with  the  strata  in  which  they  occur,  as  is 
generally  believed.  The  proximate  source  of  the  iron  in  both  Archaean 
tod  Cretaceous  deposits  is  considered  to  be  tlie  adjacent  rocks. 

Iron  Ores  of  Cartagena*— According  to  J,  G.  Jui]gner,t  the  iron 
ores  of  Cartagena  occur  in  limestone.  The'  deposits  are  rarely  less 
tluo  20  to  2i  yards  in  thickness.     Analysis  shows  the  ores  to  contain — 
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♦;3'8B  to  75^ 
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The  annual  exports  of  these  ores  amount  to  600,000  to  800,000 
^HK  The  reserves  of  ore  decrease  appreciably  with  increasing  depth. 
The  ore  is  obtained  by  irregular  open  workings.  The  price  of  the  ores 
tidi  in  manganese  is  9s.  6d.  to  12s,  per  ton,  and  that  of  the  poor  ores 
SiCd.  to  68,  per  ton. 

The  Iron  Ore  Beposit  of  Kouitim,— A.  Polozoff  J  describes  the 
mi  ore  deposits  at  lumtitn^  on  the  Vichera,  in  the  Tcherdyn  district, 
ift  the  Ural  Mountains.  These  deposits  were  discovered  in  1874. 
la  addition  to  red  haematite  in  a  laminated  form,  the  same  mineral 
iliooociirs  in  an  oolitic  form  with  a  little  ferric  hydrate.  The  deposit 
Wsathickoess  of  from  IJ  archine  {42  inches)  up  to  several  fathoms. 

^  Tranmetumt «/ the  Federattd  IuMtitutitnt  *-/  Mining  Entjinfera,  vol.  iii.  pp.  S04-G16, 
^  J'^rmtmiorcU  Annaler^  woL  xlvi.  pp.  125-126. 

IBtdkUn  6f  the  Ural  So€iitv  of  Am<ti4n(r»  of  the  Natural  Scienc€4  {in  fiuuian), 
rf.  tiL  pp.  58-dO. 
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Trial  pite  showed  it  to  have  a  thickness  of  5i  sagenea  (38 J  feet).     The 
following  are   results   of  analyses    made   in   the   laboratory   of  th 
Miniiter  of  Finance  ; — 
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I.  Lnmirmted  red  faiemiitite  ;  II,  oolitie ;  tit.  Utug  hydmte. 

The  Iron  Ore  Deposits  of  New  South  Wales.— According  u^ 
a  report  by  Mr.  C.  S.  Wilkinson,*  the  chief  iron  ore  deposits  are 
situated  near  Mittugong  and  Picton  townships  on  the  Great  Southern 
Eailway  line,  and  near  the  towDsIiipa  of  Wallerawang  and  Rylestone, 
on  th©  Great  Western  Railway.  These  are  also  the  most  favourable 
localities  for  the  establishment  of  sraelting-works,  for  in  them  occur 
workable  seams  of  coal  and  supplies  of  limestone  of  good  quality. 
The  Mittagong  ore  deposits  have  previously  been  described  by  the 
author.  They  are  estimated  to  contain  in  sight  2,872,000  tons  of 
brown  hsematite,  yielding  48-4  per  cent,  of  iron.  The  quantity  of  ore 
in  sight  in  the  deposits  scattered  through  the  outlying  districts  is 
estimated  at  4,000,000  tons. 

The  Picton  deposits  consist  of  brown  liiematite  with  a  little  red 
haematite,  their  probable  average  depth  being  25  feet,  and  the  estimated 
amount  of  ore  available  being  1,362,000  tons.  An  average  sample  of 
the  hard  compact  ore  gave  on  analysta  the  following  results  : — 
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Two  samples  of  soft  argillaceous  ore  gave — 
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The  existence  of  coal  near  Picton  has  not  yet  been  proved,  but  it 
is  probable  that  the  Mittagong  coal  seams  will  be  found  at  a  depth 
of  700  to  800  feet  below  the  surface.  From  a  small  furnacei  excellent 
iron  has  recently  been  obtained  from  local  iron  ores  and  coal. 

*  Annual  Report  of  the  DtpaHmctU  aj  Mines,  New  South  Wat^M,  1891,  pp.  212-216v 
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Tbe  Walleraw&ng deposits  consiat  chiefly  of  argillaceous  browD  hema- 
tite. Very  little  proap<^cting  has  been  done  to  prove  the  lodes.  One  of 
the  largest  varies  from  10  to  50  feet  in  width,  and  can  be  traced  for  about 
750  feet  The  different  ores  of  this  locality  have  been  described  by 
Professor  Liveraidge,  in  his  work  on  the  minerals  of  New  South 
Wales. 

Deposits  from  which  iron  ore  could  be  supplied  to  smelting- works 
that  may  be  established  where  the  coal  and  limestone  occur  near  KyJe- 
stone,  are  developed  chiefly  at  Ilford,  Card  well  Creek,  Dungaree,  and 
Liie.  These  deposits  consist  in  each  cage  of  an  oxidised  capping  of 
brown  haematite,  passing  into  poorer  ore,  containing  more  or  lees 
alumina  and  silica  as  impurities,  and  below  this  of  a  mass  of  ferru- 
ginous felspathic  material^  traversed  by  numerous  veins  of  hydrated 
oxide  of  iron  and  haematite,  with^  in  some  cases,  a  little  manganese 
ore.  It  is  estimated  that  in  these  and  other  outlying  depoaits 
2,226,000  tons  of  iron  ore,  averaging  43  per  cent,  of  iron,  exist  in 
the  district  traversed  by  the  Mudgee  Railway. 

The  coal  of  the  Mittagong  field  has  been  practically  demonstrated 
to  be  suitable  for  iron- smelting,  and  at  the  old  ironworks  at  Lithgow, 
on  the  Great  Wegtera  Kail  way,  the  local  coal  was  successfully  used. 
The  coal  from  Rylestone  is  also  reported  to  be  suitable  for  the  pur- 
pose* For  the  manufacture  of  steel  of  certain  descriptions,  supplies 
of  manganese  ore,  chromite,  and  wolfram  are  available^  these  minerals 
haviog  been  found  in  various  parts  of  the  colony.  ^langanese  ore 
is  being  raised  near  Eockley  and  at.  Gianmire,  and  a  lode  is  said  to 
occur  near  the  Rylestone  iron  ore  deposits.  Wolfram  has  also  been 
found,  but  nofc  yet  worked,  in  quartz  lodes  near  Glen  Innes  and  Emma- 
ville  in  the  New  England  district 

Mr.  T.  W.  K  David  *  has  prepared  a  report  on  the  Ironstone  Moun- 
tain, Fort  Stephens,  New  South  Wales.  The  outcrop  of  the  ore  bed 
has  been  found  more  or  leas  continuously  for  thirty  chains.  The 
trenching  proves  that  the  bed  has  been  thrown  down  by  a  fault  to  the 
extent  of  50  feet.  The  average  thickness  of  the  portions  of  the  bed 
which  contain  ore  of  fair  quality  is  3  feet  4  inches.  The  bed  there- 
fore contains  approximately  876,000  tons  of  ore,  containing  45  per 
cent  of  iron.     An  average  sample  of  the  or«  contained— 
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*  Anmuii  Report  of  the  DepartmefU  of  Minu,  NmSouih  WfUe$,  1S9S,  pp.  2i0-244, 
with  plan. 
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The  high  percentage  of  titanic  anhydride,  silica,  and  altuniDa  will 
probably  preclude  the  bed  from  being  worked  profitably  at  present 

Haematite  from  New  South  Wales, — In  a  description  of  some 

South  Wales  minerals.  Professor  A.  Liversidge  *  describes  a 
imperfect  crystal  of  magnetite   found   near  Cowua   Station, 
Eanges,     Some  of  the  facea  of  the  crystal  were  well  marked. 
weight  was  195*303  grammes,  and  its  specific  gravity  was  4 '93, 
posseases  but  slight  magnetic  properties,  and  the  brown  outside 
it  the  appearance  of  brown  haematite. 

A  specimen  of  siderite  obtained  from  vugs  in  the  UmWumherk* 
mine  was  found  to  be  built  up  of  plates  forming  cavities,  in  some  ca»8 
almost  cubical,  and  in  others  more  or  less  rhombohedral,  and  v&ryiO| 
in  size  from  one-eighth  to  one  inch  across*  ^ 

Iroo  Ore  in  Sooth  Australia.— Mr.  J.  B,  Austin  t  sutes  im 
about  forty  miles  to  the  north-west  of  Port  Augusta  is  a  dome-sh»ptil 
hill  nearly  800  feet  high,  and  three-quarters  of  a  mile  through  the  bise. 
For  two  miles  of  its  len^^th  it  appears  to  consist  solely  of  iron  ore, 
Analyses  of  the  ore  show  the  percentage  of  silica  to  vary  from  0^60  to 
3*8,  of  metallic  iron  from  61*8  to  69'3,  with  little  or  no  manganese  b 
the  majority  of  cases.  Manganese  minerals,  however,  are  alw  m*l 
with,  contaiuing,  in  the  examples  given,  from  0'47  to  16  per  cenLof 
silica,  367  to  39  2  of  iron,  and  23*3  to  24-7  of  manganese.  Tb  per- 
centages of  sulphur  and  phosphorus  are  not  mentioned, 

Mr.  J.  B,  Austin  J  states  that  a  discovery  has  recently  been  mi^ 
of  kidney  haematite  of  good  quality  at  Leigh's  Creek,  South  Australia. 
Coal  and  limestone  exist  in  the  immediate  neighbourhood. 

Native  Iron  in  Ontario. — According  to  Dr.  G.  C.  Hoffn 
there  occur  in  the  quarUite  of  St.  Joseph  Island,  Lake  Huron,  1 
metallic  spheruUtes,  with  an  ooUtic  structure,  of  native  iron, 
appear  to  have  been  formed  by  the  reduction  of  iron  salts  by  or] 
matter.     Analysis  shows  that  this  native  iron,  of  undoubted  terresU 
origin,  contains  the  characteristic  constituents  of  meteorites — nickaL 
cobalt,  and  phosphorus — and  that  these  elements  should  no  lo0g^| 
regarded  as  characteristic  of  meteorites. 

*  Tmniadion$  of  the  Rtj^fai  SociHp  oflfevt  South  Waka,  1B92,  pfh  234-2401 
t  Mining  Journal,  voL  Ixiu  p.  775.  t  If^fd,,  p.  1125, 

%  Qedogiool  and  Natural  MUior^  Survey  of  Canada^  voL  iU.  p.  39 ;  d^ted  IS8Qi^ 
publislied  in  1892. 
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The  Iron  Ore  Deposits  of  Torbrook,  Nova  Scotia. ^In  a 
piper  read  before  the  Mining  Society  of  Nyva  i^cotia,  Mr.  IL  G.  E, 
Leckie  *  gave  a  general  idea  of  the  geological  features  of  the  eoantry 
•urrotinding  Torbrook,  and  a  rough  sketch  of  the  iron  ore  deposits  of 
Annapolis  and  King's  counties  generally. 

The  Torbrook  district  is  bounded  on  the  Bortii  by  a  line  rtinoing 
(astand  west  which  would  mark  the  junction  of  the  valley  sandstones 
with  the  Devonian  rocks  of  the  South  iMountain,  on  the  east  by  the 
Vwls  River  in  King's  county,  on  the  west  by  the  Nictau  RiveFi  and 
on  the  south  by  a  line  running  along  the  summit  of  the  mountain  and 
marking  out  the  junction  of  the  Devonian  rocks  with  the  granite. 
The  strike  of  the  iron  ore  beds  runs  diagonally  across  the  oblong 
diithei  thus  indicated,  the  general  direction  being  N.  60*  K  Tliere 
ife  four  known  beds  of  red  hrematite^  wliich  have  been  traced  for  the 
moftt  part  right  across  the  whole  district,  a  distance  of  six  miles.  No. 
I  bed,  the  most  northerly,  is  the  most  infiportant  of  the  four,  and  is 
(be  one  which  is  being  worked  at  the  Torbrook  mine.  The  ilip  is 
10*  tcj  80*  S.,  and  the  bed  is  very  regular  in  thickness,  the  average 
being  6  feet.  The  ore  is  perfectly  clean,  and  n on ►  fossil ifero us.  No.  2 
bed  lies  100  feet  south  of  No.  1,  and  has  been  worked  opeii*cast  for 
oiny  years  to  supply  the  old  furnace  at  Nictau  Falls,  No.  3  bed  is 
ibottt  three-quarters  of  a  mile  south  of  No.  2,  antl  resembles  No.  1  in 
width  and  structure.  It  may  prove  to  be  a  second  outcrop  of  No.  1. 
Kd.  4  bed  is  a  quarter  of  a  mile  south  of  No.  3,  and  Jms  been  opened 
on  the  Messenger  property,  a  distance  of  two  miles  east  from  the 
Torbrook  mine. 

Active  operations  at  the  Torbrook  mine  began  in  the  spring  of 
1^0],  when  steam-hoisting  plant  was  erected  and  ore  raised  from  two 
fcliafte.  A  four  drum  grinding  plant  was  put  in  early  in  1892,  and 
BOTT  does  the  hoisting  for  Nos,  3,  4,  and  5  shafts.  No.  2  shaft  has  a 
■■irate  engine  and  boiler,  it  being  intended  to  hoist  from  that  shaft 
^Bl  steel  skips  of  1  ton  capacity.  The  mine  has  been  equipped  with 
&  compressed  air-drilling  plant,  and  there  is  a  Cornish  plunger  pump  in 
No.  2  shaft,  and  small  steam  Blake  pumps  in  Nos.  4  and  5.  The 
foUowing  analysis  shows  the  average  composition  of  the  ore — 
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A  trace  of  eulphur  and  of  phosphorus  was  detected.      The  per- 
pentage  of  iron  in  the  ore  varies  from  55*74  to  60  72.     The  daily 

*  Cafutdiem  Mining  Jmtrnai^  vol.  xi.  p[>.  ISS-^ISS. 


THE  IRON  AND  6TB1L  I!n)trBTRIB8. 


output  Uhb  increased  from  20  tons  in  the  spring  of  1891,  mtid  70  toof 
in  that  of  1892,  to  130  tons  at  the  present  time. 


Ore  from  the  Bristol  Mines,  Quebec— At  these  minea  thai  i 
believed  to  be  aa  much  as  .'U,000,000  tons  of  iron  ore  aTaUable,  ( 
ore  oootaining — 
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The  fine  ore  in  the  mine,  aa  separated  by  a  magnetic  coneentrstor, 
is  found  to  hav^e  the  composition — 
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The  percentage  of  sulphur  present  is  0*374,  and  of  copper  0*01  L* 

Iron  Ore  in  Natal. — According  to  Mr  J.  R  Hamilton,t  then  I 
a  good  deal  of  iron  ore  in  various  parts  of  Natal,  and  on  the  Preatw 
fariji  a  splendid  deposit  of  magnetic  iron  ore,  3  feet  3  inches  in  thi( 
ness,  may  be  traced  for  some  distance.  Within  six  mileg  large  qti 
titles  of  fuel  are  lying  ;  but  limestone  is  wanting  in  the  neighbottrb(y 
and  there  is  no  demand  for  the  metal.  The  chemical  compositi* 
of  an  average  sample  of  the  ore  waa  found  to  be  as  follows ; — 
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Only  a  trace  of  ptiosphoric  anhydride  is  present,  so  that  the  flW 
appears  to  be  well  adapted  for  the  manufacture  of  steel. 

An  analysis  of  iron  ore  from  tlie  Dundee  district  gave  the  followinS 
results : — 

F«,Oj,.  A1,0^.  StOi.  B,0. 

82^1  1B76  3*28  1^1 

No  trace  of  phosphoric  anhydride  was  detected  in  this  ore.  Ia 
various  other  places  in  Natal  there  are  deposits  of  iron  ore. 

Iron  Ore  in  Mashonaland. — Mr.  R  M.  \\\  Swan  j  reports  ths^ 
the  quartz  belts  of  Mashonaland  contain   much  iron  ore  aod 
manganese.     In  two  isolated  patches  of  the  quarfczite  fonnatio!i  I 
the  Doroba  Mountains,  he  found  great  masses  of  rich  magnetite  and 
haematite,  and  on  the  top  of  Monnt  'Nyiguzwe,  near  Fort  Victori*» 

*  Amer vMfi  Mantifacbirer^  vol.  IJ.  p.  107. 

t  TrfiMitctiowi  0/  the  Fed€rat0d  /furftYulioti  of  Mininff  Eimimmm^  vol  fii,  pp.  ^ 
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iKere  ijB  also  a  mami  of  magnetite.  In  fact^  so  very  abimdaot  la  iron 
ore,  that  com[>as8  bearings  can  rarely  be  taken  with  safety  from  hills 
in  the  quartz  formation.  Along  the  right  bank  of  the  Sabi  river  are 
many  native  villages,  who^e  one  industry  is  iron-smelting.  They 
obtain  the  ore  from  Mount  Wedsa,  which  is  renowned  far  and  wide 
in  Kaffirland  as  an  iron*producing  mountairL  Though  the  mineral 
Mleeted  is  not  very  rich,  the  iron  produced  is  very  pure.  The  anvils 
tifled  are  simple  blocks  of  hard  diorite,  on  which  the  natives  hammer 
▼itli  another  smaller  block. 


I 

I     Some  Problems  of  the  Mesabi  Iron  Ore —Perhaps  there  is  no 

liDore  impK>rtant  and  interesting  question  relating  to  the  iron  ores  of 

mflf  North- West  United  States  than  that  of  their  origin  and  strati- 

Tftphical  relations.     In  view  of  recent  studies  in  the  field,  Mr.  N.  H. 

Winchell  ♦  reviews  the  elements  of  the  problem,  and  shows  the  diffi- 

ctilties  that  lie  in  the  way.     As  an  iutrodtiction  to  the  diBCUssion  he 

TfTiews  the  five  hypotheses  of  the  origin  of  the  ore  :  (1)  substitution  for 

limestone;  (2)  substitution  for  carbonate  of  iron  ;  (3)  conceutriition^of 

irw  oxide  from  the  decay  of  ferriferous  schists ;  (4)  accumulation  in 

trougha  formed  by  dykes  cuttin*?  tilted  strata  at  a  somewhat  uniform 

tscliaatioD  ;  and  (5)  deposition  from  oceanic  solution  at  the  time  of  the 

formation  of  the  rocks  associated.     In  giving  some  facts  of  the  manner 

ofoccnrrence  of  the  ore,  the  author  points  out  the  extent  of  the  range 

*Bd  the  trends  of  ore,  the  titanic  ores  being  excluded  from  the  dis- 

cwrion.      The   difficulties  in   the  way  of  acceptance  of  any  of  the 

proposed  theories  may  be  summed  up  as  follows  :— The  absence  of 

limatone  in  the  iron-bearing  horizon  ;  the  diffusion  of  iron  through 

fi-iTiferous  schists  rather  than  concentration ;  the  absence  of  dykes 

rutting  tilted  beds ;  the  prevalence  of  pervious  rather  than  impervious 

<tnta;  and  the  evident  changes  in  the  rock  of  the  country,  whether 

in  the  forms  of  breccia  and  gravel  or  in  situ.     The  author  therefore 

eonelndes  that   the   origin    of  the   Mesabi   ore   is  not  satisfactorily 

•3E]tlaioed  by  any  theory  yet  proposed  for  it  or  for  its  equivalent 

(G^ebic)  ore  on  the  south  side  of  the  great  laka     There  is  but  one 

faown  eaase  acting  with  sufficient  force,  and  on  a  geographical  scale 

otSriently  wide,  to  which  appeal  can  be  made  for  the  geographical 

iod  stratigraphical  distribution  of  this  ore,  and  that  is  oceanic  sedi- 

mentation.     That  there  has  been  a  profound  change  in  the  sediments 

*  PkfMT  rmd  before  the  Amerioau  AieociatioD  for  the  Advuooemenl  of  Science, 
A^foat  2S,  1802 ;  The  Amerkan  Gtoloffist,  toL  x,  pp.  16^179. 


S16 


THE  reON  AND  STEEL  rNDTOTRTES, 


uiiice  their  origin  U  eviJent ;  but  wbether  this  change  took  part 
to  consoliilation,  or  after  it,  is  as  yet  unknown ;  and  if  after  consolii 
tion,  it  is  equally  uncertain  whether  it  was  acconjplished  in  Taconict 
in  Recent  time. 

The  Mesabi  mines*  are  being  steadily  opened  up,  the  ore  delii? 
at  the  blast  furnaces  at  Duluth  assaying  about  62  per  cent,  of  iruii 
and  0*022  of  phosphorus.  At  the  Chandler  mine  of  the  Vermillion 
Ilange  1500  men  are  employed,  and  at  the  opening  of  navigation  tbe 
stoik  pile  contained  about  250,000  tons  of  ore.  That  of  the  Mionesoti 
mine,  where  2000  men  are  employed,  was  estimated  at  about  300,000 
tons  of  ore. 

The  output  of  this  range  t  ib  now  certain  to  be  at  least  700,000  tofis 
a  year  after  the  close  of  the  present  year,  400,000  of  which  will  be 
from  the  Biwabic  mine,  and  150,000  from  the  Ohio.  At  this  latter 
mine  *'blue"  hsematite  ore,  containing  up  to  67  per  cent,  of  iron,  hfi 
been  found  in  qaanlity,  and  this  same  kind  of  ore  has  since  been  met 
with  in  the  deeper  pits  of  the  other  companies.  The  ore  is  of  Besaein«r_ 
qjjality.  At  the  Biwabic  mine  the  surface  covering  of  the  ori*  I 
varieft  from  2  to  30  feet  in  thickness,  and  below  this  there  la  i 
average  thickness  nf  70  feet  of  ore  already  exposed.  How  thick  l^ 
ow  is  is  uuknowu.  Some  of  the  most  northerly  pits  |)enetrated  tb« 
ore  at  a  depth  of  58  feet,  but  nowhere  else  has  the  ore  body  b«en 
bottomed,  though  some  of  the  pits  are  115  feet  in  depth.  As  a  resttlt 
of  the  comparison  of  200  assays,  it  is  stated  that  Uie  ore  wiU  avewg* 
64  per  cent,  of  iron  and  0*04  of  phosphorus.  No  powder  has  bean 
used  in  sinking  the  i>its. 

The  Iron  Ore  Beposits  of  the  Gogebic  Ran^e.— Mr.  C. 

Boss,  J  the  United  States  Inspector  of  Mines  for  the  Gogebic  District, 
states  that  the  developments  which  were  made  at  the  Colby  mine  led 
at  first  to  the  belief  in  the  existence  of  two  distinct  veins  of  ore 
occurring  throughout  the  Oogebic  Range.  Developments  to  the  deep* 
however,  have  shown  that  tMs  theory  is  inaccurate,  the  two  ore  bo<iif* 
having  joined,  and  the  intervening  horse — which  was  of  unueu&l  ai^^-^ 
having  come  to  an  end.  The  ore  mass  rests  on  a  strong  dykeww 
pitches  to  the  east.     It  is  worked  by  pillars  and  stalls. 

Iron  Ore  in  Wisconsin, ^A  charcoal  blast  furnace  is  to  be  en 
at  S]iring  Valley,  Wisconsin.     The  ore  smelted  will  be  mined  in  w^ 

•  Iron  Agrc,  vol,  xlix-  p.  291.  t  iftW.,  vol.  1,  p.  7. 

X  American  Manti^aciurtr,  vol  1,  p.  376. 
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locality.  It  ia  a  brown  baimatite,  and  the  deposit  is  stated  to  be  of 
large  size*  Analysis  shows  it  to  contaiu  50  per  cent,  of  iron  and  0"06 
to  O'lO  of  phosphorus,* 

The  Clintoe  Iron  Ore. — Pseudomorphous  replacement  of  lime- 
stone has  been  widely  applied  to  explain  the  formation  of  the  iron 
ores  of  the  Lake  Superior  region,  and  there  has  been  a  general  ac- 
ceptance of  this  theory  for  the  Clinton  iron  ora  Mr,  C.  H.  Smyth, 
jan.,t  however,  proposes  to  remove  from  the  substitution  hypothesis 
its  original  cause,  and  to  place  the  Cliiiton  haematites  in  the  category 
of  original  chemical  deposits  of  date  coeval  with  the  enclosing  strata. 
This  result  he  bases  on  a  careful  study  of  this  ore  at  the  typical 
locality,  Clinton,  New  York,  his  conclusion  being  that  the  oolitic  ores 
at  Clinton  are  not  of  secondary  origin^  but  were  deposited  as  hydrated 
ferric  oxide  in  intimate  connection  with  contemporary  deposition  of 
amorphous  and  chalcedonic  silica. 

Pyrites  in  the  Croton  Ma^^etic  Iron  Ore  Mines.— The  kte 
discovery  of  large  quantities  of  maguetic  and  non-magiietic  pyrites  in 
the  Croton  magnetic  iron  ore  ujines  is  described  by  Mr,  W.  H.  Hoff- 
man.J  Dyring  the  autumn  of  1891  it  was  found  that  after  a  blast 
fully  15  per  cent,  of  the  ore  brought  down  consisted  of  magnetic  pyrites. 
This  was  a  wholly  unexpected  result,  as  previous  examinations  had 
failed  to  disclose  the  presence  of  sulphur- hearing  ore.  A  second  blast 
in  November  gave  still  more  surprising  results.  The  whole  cross- 
section  it  exposed  was  thickly  interspersed  with  layers  of  magnetic 
pyrites.  On  sampling  and  analysis,  155  tons  of  ore  from  this  portion 
of  the  mine  yielded — 


Iron. 
4508 


Phoapbcmii. 
0-80 


Bulphur, 
23*51 


and  the  remainder  of  the  ore  brought  down  contained — 


33-21 


Pbospborut. 
0*35 


Sulphur, 
6ti8 


No  other  mine  in  Putnam  County  has  shown  this  irregularity^  in 
snlpliur  distribution,  and  the  Croton  deposit  until  late  in  1889  averaged 
less  than  3  5  per  cent,  of  sulphur.  All  indications  now  point  to  an 
increase  in  sulphur.     The  only  remedy  for  this  difficulty  is,  of  course, 

♦  Imn  Aotf  vol.  xhx.  p.  730. 

f  American  Journal  of  Sciince^  voL  xliii  pp.  487-496. 

t  Tramaeiumi  of  the  American  Inititutimi  ef  Mining  Efunneen,  Plattiburgh  meeting 
(advanoe  prcraf ). 
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more  roaEtiiig»  and  every  pracUoabld  redoctioQ  of  coDctntratiag  ti* 
peoeej  to  coanterbalance  the  extra  expense  of  roasting.  The  coU  of 
treatment  in  February  1892  was  13d.  per  tun  of  concentratesj  and  the 
raw  ore  averaged  M  per  cent,  of  iron.  It  will  now  be  neceBsary  to 
reduce  thia  item  below  the  figure  (lid,)  reached  in  1891,  as  at  least  8d. 
must  be  spent  on  each  ton  of  raw  ore  to  red  ace  the  sulphur  to  07  per 
cent»,  the  highest  percentage  allowable  for  the  Bessemer  process.  The 
mines  have  been  closed  until  the  necessary  changes  in  the  roastitig 
and  milling  plant  shall  have  been  made. 

Iron  Ore  in  New  Mexico,— In  the  Hanover  Valley^  New  Merico, 
about  fifty  miles  from  Silver  City,  about  15,000,000  tans  of  iron  ore  of 
Bessemer  quality  is  stated  to  be  in  sighL  This  iron  ore  field  is  about 
to  be  opened  up,  and  work  has  already  been  begun.  This  will  include 
the  construction  of  a  branch  line  of  railway.  Blast  fumacea  are  ilio 
contemplated.* 

Limonite  in  Texas.— According  to  Mr,  R.  A.  F.  Penrose^t  limon 
beds,  1  foot  to  3  feet  in  thickness,  overlying  glauconite  sands^occaf" 
in  Cherokee,  Anderson,  and  other  counties  in  the  east  of  Texas.  Ike 
ore  is  sometimes  laminated,  sometimes  massive  or  forming  botryoidil 
masses.  The  origin  of  the  laminated  and  massive  varieties  is  triced  to 
the  weathering  of  iron  pyrites,  and  that  of  the  botryoidal  masse*  to 
the  oxidation  of  iron  carbonate.  The  author  gives  numerous  anslp^j 
three  of  whicli  are  as  follows : — 
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I.    MaaiiTe  ora,  Henderson  Coantjp ;   IL  Laminated   ore,   north-«Ait 
Upahire  Coiinty  ;  II L  Liinonite  gecnle  from  Berry  Hill,  M&rion  Comity. 

Virginia  Iron  Ores. — The  quantity  and  quality  of  some  of  the 
Virginian  0  risk  any  iron  ores  is  well  known,  according  to  Mr,  E.  C. 
Peckin,J  who  gives  an  account  of  those  ore  deposits,  recently  iuvesti* 
gated  in  Craig  and  Alleghany  counties,     A  section  of  the  connti 

*  Iron  Aii€i  vol.  xlix*  p,  989. 

t  Fintt  AnnutU  Report  of  the  GeoUtffkal  Surv^  of  Tmma,  pp,  6&4i8. 

t  Engine^nff  and  Mininff  Journal,  vol  hw.  p.  150. 
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Newewtle  is  given.  The  ore  ia  found  as  a  blanket  deposit,  in  some 
places  a«  much  as  4  to  6  feet  thick,  sometimea  overlain  by  2  to  5 
feet  of  clay.  Several  openings  have  been  made,  and  show  ore  that  in 
many  instances  requires  no  washing.     One  analysis  shows — 
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IrOE  Ore  in  MeEiCO-^ — lo  a  report  *  on  the  milling  industry  of  the 
Mexican  provinces  ot  Coaliiitla  and  Nuevo  Leon,  it  is  pointed  out  that 
beds  of  iron  ore  occur  near  the  towQ  of  Monclova  in  the  Cerro  del 
Mercado,  at  the  mines  of  San  Pedro  and  La  Paloma,  and  more  to  the 
east  in  the  Cerro  del  Carrizal,  at  the  mines  of  Cinco  de  Mayo  and 
Piedra  Iman.  These  mines  are  in  the  possession  of  local  and  New 
York  capitalists,  but  are  not  yet  worked.  The  ore  appears  to  be  of 
good  quality,  as  is  shown  by  the  following  analytical  results  : — 
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I  The  Iron  Ore  Deposits  of  CMli— C.  Vat  tier,  t  in  a  report 
addressed  to  the  Chilian  Government,  states  that  geologically  Chili  may 
be  divided  into  three  main  sections.  Near  the  coast  are  granites, 
diorites,  syenites,  and  similar  rocks,  together  witli  mica  schists  and 

tclay  slates.  At  the  back  of  these  rocks,  inland,  Jurassic,  Triassic,  and 
Metamorphic  rocks  occur.  The  grunitic  rocks  of  the  coast  region 
contain  the  more  important  of  the  iron  ore  d^^pusits.  The  veins  are 
larger  and  more  constant,  and  the  ore  richer  and  purer  than  that 
met  with  In  the  other  districts.     Manganese  ore  is  also  observed  in 

*  Berfj-  und  HiUttrnniinnittrhe  Zeitttnff^  vol  IL  p.  216, 

t  Mcmoira  de  la  SoeiUi  de*  In(j9ni€ur§  CivUM,  vol.  xlv.  pp,  37-140. 
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tbia  districts  Aniongst  the  known  deposits  of  iron  ore  are  tho 
Mejillones,  Anlifogasta,  Taltal,  Chafiaral,  Caldera,  HuaAco»  and 
cially  those  of  Totoralillo  and  Coquimbo,  as  well  as  those  near  tbe 
harbour  of  Los  ViIob,  and  the  one  recently  discovered  in  the  south 
near  Lebu.     Copper  ore,  gold,  and  china  clay  also  exist  in  this  district. 

The  second  region  Includes  the  Jurassic  deposits.  It  lies  east  of  tti« 
region  just  described,  rises  to  a  certain  height  up  the  Cordilleras  and  al 
the  north,  approaches  the  coast  somewhat  closely.  The  country  ia 
which  the  iron  ore  is  found  consists  of  limestone,  marl,  barytes,  sad 
gypsum, 

Beds  of  iron  and  manganese  ores  are  known  near  Sierra  Goa 
Zuncjil,  and  Tierra  Aniarilla,  and  in  large  veins  iron  ore  is  foutidi 
Tres  Piintas,  Atacama.     Beds  of  manganese  ore  are  found  at  va 
places  in  the  province  of  Coquimbo,  and  other  deposits  of  the 
metals  are  met  with  in  the  province  of  Valparaiso,  and  in  a  portion  of 
the  province  of  Santiago,      In  this  region  the  richest  and  most  i 
portant  silver  ore  deposits  have  been  discovered. 

The  third  district  is  still  further  to  the  east,  and  rises  high  up  \ 
Cordilleras  to  a  height  which  is  in  many  cases  both  the  limit  of 
tation  and  of  ore.  The  country  consists  of  conglomerates  and  br 
of  porphyritic  character,  or  hardened  clays,  sandstones,  and  red 
phyry,  metamorphic  rocks,  and  pyroxene  porphyry,  mostly  Liassic, 
this  region  spathic  ore  occurs  at  Chizbla,  high  up  in  the  mountaioi^ 
and  farther  down  at  Challacollo  both  iron  ore  and  manganese  oret 
met  with,  while  titauiferous  iron  sand  is  found  in  the  Atacama  de 
near  Calama,  and  at  other  places.  In  the  province  of  Coquimbo  i 
and  manganese  ores  are  frequently  met  with.  In  the  departmenifi  of 
lUapel  and  Combarbalil  iron  and  manganese  mines  exist  at  Batii 
Lampa,  Maipo,  and  San  Felipe.  Quartz  and  limestone  are  found] 
places  in  this  region,  as  well  as  argentiferous  lead  and  copj>er  ores. 

The  ores  of  iron  and  manganese  that  have  been  discovered  are  chid 
oxides,  spathic  ore  and  franklin ite  being  occasionally  found.     The  < 
are  usually  poor  in  both  sulphur  and  phosphorus.     Both  veins 
beds,  as  well  as  stockworks  and  other  irregular  deposits,  occur. 


The  Iron  Ores  of  Cuba. — The  Cuban  iron  ore  deposits  are 
scribed  by  Dr.  H.  Wedding.*   These  iron  ore  deposits,  to  which  freqo 
reference  has  been  made  in  previous  abstracts  in  this  Journal,!  b'i  ^ 

*  Bahl  ufid  JSitm^  vol  xii.  pp.  545-550. 
t  Jourmt  of  the  Iron  and  Steel  Inttitute,  1S90,  No,  1.  p.  19S;  1H02.  No.  I 
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the  neigh bourlioorl  of  the  bay  and  town  of  Santiago  de  Cuba.  The 
antbor  describes  the  various  mines,  the  method  of  mhiing,  and  the 
shipping  arrangements.  He  gives  the  following  as  an  average  analysis 
of  the  ore : — 
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The  Juragua  iron  ore  mines  are  situated  at  a  distance  of  seventeen 
milea  eastwards  from  Santiago,  Cuba.  AU  the  mining  is  done  by  opea 
workings.  At  one  of  these  there  is  a  face  of  ore  150  feet  wide  by  60 
feet  high,  and  another  has  a  face  of  100  feet  by  GO  feet.  Tiie  total 
capacity  is  easily  maintained  at  60,000  tons  of  ore  a  month.  Up  to 
March  1,  1892,  the  shipments  of  ore  from  this  deposit  to  the  United 
States  had  reached  1,448,403  tous.  The  mines  are  but  five  miles  from 
the  Caribbean  Sea.  Some  of  the  ore  costs  but  Is.  5Jd.  a  ton  to  mine 
and  load  on  railway  waggons,  and  the  cost  of  carriage  to  the  port  of 
shipment,  La  Cruz,  opposite  to  Santiago,  is  Is.  8d.  a  ton.  The  ore 
requires  very  little  sorting,  and  on  the  average  it  contains  61  per  cent. 
of  iron.  Other  mines  are  also  described,*  Among  those  referred  to 
are  the  Chauvenet,  the  Clarence,  anil  the  Dutilh  mines.  At  the  last- 
named  there  are  loose-lying  blocks  of  ore  weighing  in  many  instances 
more  than  three  hundred  tons. 

The  first  important  discovery  of  iron  ore  in  Cuba  was  made  acci- 
dentally during  the  cutting  of  a  road.  No  attention,  however,  was 
paid  to  this  discovery  until  the  year  1881,  but  since  that  date  the 
Cuban  iron  ore  deposits  have  been  rapidly  developed.  One  of  the 
groups  of  mines  opened  up  is  that  of  the  Sigua  Company.  The  ore 
found  is  very  low  in  phosphorus,  and  it  has  been  observed  that  the 
percentage  of  phosphorus  found  in  the  ore  of  this  district  increases 
gradually  from  the  eastern  to  the  western  extremity  of  the  range,  until 
the  Bessemer  limit  is  almost  exceeded.  The  Sigua  ore  is  almost  free 
from  sulphur. 

The  geological  characteristics  of  the  iron  ore  region  are  as  follows. 
Syenite  is  the  main  rock  observed  near  the  coast  It  is  overlain  by 
a  coralline  formation,  more  or  less  broken  away  towards  the  liills, 
though  fragments  are  found  at  an  elevation  of  upwards  of  1500  feet  or 
more.  The  syenite  is  frequently  traversed  by  dykes  of  igneous  rocks, 
generally  porphyritic.  In  some  cases  these  dykes  are  diorite.  Fre- 
quently the  coralline  limestone  in  the  vicinity  of  the  eruptive  rock  is 
found  to  be  metamorphosed  into  white  marble  of  close  texture. 
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specu 


11892.— ii 


iron  ore  is  lo 

Iron  Aff£,  vol.  xlix.  p.  607. 
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cLlorita  and  epidote.  It  is  an  unquestionable  fact  that  some  of  the  ore 
ia  a  pseudomorph  of  the  coralline  rock.  Some  geologists,  noubly  Dt, 
Kimballi  have  assumed  that  all  the  deposits  are  of  this  forzuatioa  ti 
is  the  opinion  of  Mr,  Graham  that  the  latter  is  not  the  case. 

West  of  Santiago  the  geology  chjitiges  and  the  stratified  rocks  ire 
encountered — notably  the  red  sandstone  as  well  as  the  limestone  seriea 
of  the  Silurian  age.  No  iron  ore  h  encountered  in  the  latter  region, 
but  numerous  deposits  of  manganese,  many  of  which  are  being  workwj* 

It  is  a  notable  fact  that  the  valley  of  the  Sigua  River  and  *dj«Jint 
districts  are  almost  entirely  made  up  of  diorite  and  porphyry,  and  tliii 
h  not  the  case  In  other  parts  of  the  ore-bearing  zone.  This  nijr 
account  for  the  great  magnitude  of  the  Sigua  iron  ore  deposits. 

The  ore  deposits  of  the  Sigua  mines  are  numerous.  Seven  VdM 
course  parallel  to  eacli  other,  or  nearly  so,  and  within  a  distanc*  ol 
1800  feet  Of  these  the  Chauyenet  vein  measures  from  40  feet  io 
width  to  upwards  of  74  feet,  and  it  lias  been  proved  for  a  length  of 
11  DO  feet.  At  the  Clarence  mine  a  vein  has  been  proved  for  a  depA 
of  90  feet.  An  adjacent  property,  the  Katherine,  contAtns  &  veifi  over 
300  feet  in  width.  At  present  the  most  important  deposit  is,  howiTtff 
the  Dutiih,  It  is  practically  a  cliff  of  ore,  from  which,  as  is  toU 
expected,  many  gigantic  boulders  have  detached  themselves,  some  «f 
these  bouldei's  being  300  tons  in  weight.  Standing  upon  the  ©be 
railroad  on  the  950  l\*et  level j  this  clifiT  of  solid  ore  can  be  seen  to 
extend  to  an  elevation  of  194  feet.  The  same  vein  outcrops  below 
the  950  feet  level.  The  width  of  this  vein  is  apparently  450  fe«fc  ^ 
its  greatest  extent,  but  it  has  not  been  actually  proved  on  account  of 
the  difficulty  in  detetmining  the  exact  location  of  the  foot  wall,  owing 
to  the  detached  masses  and  boulders. 

Next  to  the  Dutilh  mine,  and  300  feet  liigher  up,  another  vein  (  _ 
crops  for  a  length  of  300  yards.  It  is  at  least  50  feet  in  width,  att'J 
probably  much  more,  and  it  is  proved  for  a  depth  of  400  feet.  At  th« 
Arroyo  Negro,  t>n  the  other  side  of  the  mountain,  another  vein  exiits 
which  shows  an  a|)i)areiit  width  of  450  feet,  no  developments  being 
made.  The  ore  actually  in  sight,  assuming  a  depth  from  the  fiicsoi 
only  10  feet,  was  estimated  at  at  least  1,260,000  tons,  t&king  oue<h»)f 
the  ground  measured,  and  ftl lowing  1  ton  of  rock  to  each  ton  of  ore* 
Since  then  further  test-pits  have  been  sunk,  and  now  the  mine  cai>t> 
reports  that  at  the  Dutilh  mine  alone  there  is  enough  ore  in  fighi 
supply  a  shipment  of  400,000  tons  a  year  for  the  next  six  years* 
mines  are  connected  by  a  line  of  rail  with  the  Port  of  Sigua^  the  l 
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way  having  a  descending  grade  for  the  whole  distance^  the  maxiinum 
grade  being  3-4  per  cent  and  the  Tnaximum  curve  24".  There  are 
excellent  shipping  facilities,  and  labour  is  plentiful  and  cheap. 

Microscopic  Structure  of  Oolitic  Iron  Ore,— According  to 
Eleichcr,*  microscopic  examination  »hows  that  the  oolitic  iron  ores  of 
Lorraine  and  other  districts  consist  of  a  simple  or  cnmpound  inorganic 
or  organic  nucleus,  siirr^iunded  by  regular  concentric  layers  of  a  sub- 
stance rich  in  silica  ami  organic  matter,  in  which  microscopic  grains  of 
quartz  can  be  recognised.  The  iron  oxide  seems  to  he  enclosed  between 
these  concentric  layers. 


I 


I 


A  Peculiar  Structure  in  Haematite*— ^Ir.  W.  S.  Gresley  t  pub- 
lislies  a  phoLu;,'raph  ol  a  poriiuii  uf  ji  .sample  of  fibrous  red  hsematite  of 
great  purity  from  Lake  Superior  The  fibres  run  in  a  curved  form, 
and  the  peculiarity  of  the  specimens  described  is  that  they  have  holes 
through  or  running  in  them  at  diflerent  distances  from  one  another. 
These  cannot  be  holes  drilled  or  eaten  out,  or  barrows  made  by  ani- 
mals, nor  have  they  been  made  by  the  band  of  man.  The  arrangement 
of  the  structural  fibres  of  the  ore  in  the  vicinity  of  the  apertures  is 
evidence  against  sucli  theories.  The  general  aspect  of  this  singular 
variety  of  hsematite,  so  strangely  resembling  split  wood,  suggests  for  it 
the  name  of  wood  iron  ore.  The  specimen  in  question  can  in  no  way 
be  regarded  as  pseudoraorphons,  or  as  replacing  limestone,  dolomite,  or 
pyrites,  nor  is  it  mineralised  wood  or  any  fossil  of  a  similar  nature. 

Studies  in  Structural  Oeology.— Mr.  B.  Willis  i  gives  an  ac- 
count of  some  experinieuta  made  with  wax  models  to  elucidate  the 
geology  of  the  Appalachian  Province.  These  models  consisted  of 
layers  of  wax  and  other  materiaU  of  different  hardness  subjected  to  a 
aide  thrust,  so  as  to  produce  folding  and  faulting.  It  is  shown  that 
soft  strata  are  thinned  on  the  limbs  and  thickened  on  the  folds  of  an 
arch,  and  thns  an  explanation  may  be  obtained  of  the  great  local 
thickening  of  coal-beiis  along  anticlines,  and  the  spaces  occupied  by 
some  large  bodies  of  iron  ore  along  similar  lines  of  relief  from  pressure, 
i  in  the  Lake  Superior  mines. 

•  Compter  Behduf  de  VAcadhnie  de$  Sciencti,  vol,  oxiv.  pp.  54)0-592. 
t  ThiAmfrican  Qeolofjist,  vol.  ijc.  |>p.  219-22:^, 

1^  Tranaactiont  of  tkt  American  Inatitute  of  Mininsf  Enffineen,  PUtUburgh  mcctiug, 
ISdii  (advance  proof). 
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Martite. — The  examination  by  A.  Lavenir*  of  some  very  fine 
nctali*jdrH  of  raartlte  from  Brazil,  showed  that  the  substance,  n 
was  soluble  only  in  wpm  m/iVi,  yielded,  on  heating  to  redness 
current  of  hydrogen »  a  quantity  of  water  exactly  corresponding  vith 
ilie  formula  Fefi.^.  Tlie  spt^cific  gravity  is  5*194-5*205,  whilst  it 
should  be,  if  the  subatance  had  been  formed  from  iron  pyrites  witliDut 
change  of  volume^  two^thirds  of  5.  The  homogeneity  of  the  material 
examined  appears  to  be  evidence  against  a  pseud omorphouis  origuip 

A  New  Use  for  Bog  Iron  Ore.— According  to  Seger,t  afirmin 
AschatTtinburg  has  brought  into  the  market  a  bog  iron  ore  conlAtn' 
ing— 


3115 


V«rr\e  O^ride. 
3T*« 


HAiieanesc  Oxide 
20-36 


Wat45l. 
10*40 


This,  mixed  with  a  little  salt,  is  used  for  imparting  a  bUck  glaae  \ 

tiles  and  bricki. 


A  Natural  NickeMron.— W.  li  Melville  |  describes  a 
alloy  of  iron   ami  nickel   which    occurs   in   the   sand   of  a  river  i^ 
Josephine  County,  Oregon,     Analysis  shows  the  metallic  portion  I 
contain — 

Nfokd.  Irmi. 

23^  60-45 

The  alloy  is  strongly  magnetic,  and  it  occurs  in  admixture  wi4 
silicates  in  the  form  of  water-worn  nodules.  Tlieir  origin  is  uiikQO«T>- 
To  this  nickel-iron  the  author  gives  the  name  ot  jostphinite. 

Recent  Researches  on  Meteorites.— According  to  Mr.  A.  E 

Foote.g  threw  or  four  years  ago  a  meteoric  iron  mass  was  plougbdlttp 
in  Garrett  County,  Maryland,  It  contains  over  11  per  cent,  of  nickd 
and  cobalt,  the  proportion  of  the  latter  being  unusually  high.  It  i« 
one  of  the  best  octahedral  etching  irons  known,  being  even 
characteristic  than  most  of  those  that  have  been  used  for  priod 
directly  on  paper.  Besides  the  octahedral  structure,  it  also  shows »  ' 
large  number  of  secondary  lines  regularly  disposed  with  reference  to 
the  principal  markings,  similar  to  those  described  by  J.  Lawrtn^ 
Smith  in  a  Wisi:onsin  meteorite  in  1869,  under  the  name  of  Lflplumi^ 
markings.     The  original  weight  of  the  mass  was  45  oz,,  and  itspr?*'"''^ 

*  Sultetin  dt  la  Soeiiti  Fran(^ue  de  Minfriflofftti  voL  zH.  p*  49. 

f  Sprtdtnaaf^  vol.  xjcv.  p,  348, 

X  Aiuerii'an  Jt^uinaf  of  Seienct^  vol.  xliii  pji.  500-515. 

I   Ibid,,  vol,  xliii,  p.  64. 
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weight  is  36i  oz.     The  paper  is  illustrated  by  photographs  of  the 
etched  surface  and  of  the  entire  mass* 

According  to  Mr,  G.  F,  Kunz,*  the  meteoric  iron  from  Colfax  town- 
ship, Rutherford  Count j,  North  Carolina,  is  the  same  aa  that  described 
by  L.  G.  Eakins  from  Ellenboro',  Rutherford  County.  The  mean  of 
the  following  t^vn  new  analyses  is  in  good  accord  with  that  published 
by  Eakins : — 


Fe. 

Nt 

Co. 

Cii. 

P. 

6. 

9i, 

ToUJ, 

L     87^9 

11-26 

0^2 

om 

0  19 

010 

0  03 

09  iM 

11.     8922 

9-37 

0*53 

01M 

019 

0i>8 

OOl 

91)^44 

E.  Priwoznik  t  states  that  the  meteorite  which  fell  near  Knyahinya 
in  Hungary  contains  5*03  per  cent,  of  magnetic  particles  having  the 
composition — 


Iron. 


Nlckci, 
12 


Some  magnetic  pyrites  and  traces  of  phosphorus  also  occurred  in  this 
magnetic  portion  of  the  meteorite.  The  non-magnetic  portion  con- 
tained 44  per  cent,  of  siHca,  and  was  composed  of  a  silicate  of  lime, 
magnesia,  ferrous  oxide,  and  soda^  with  traces  of  potash  aod  alumina. 
Not  even  a  trace  of  manganese  could  Im  fuund  in  this  meteorite. 

Another  meteorite,  wldch  foil  near  Paderborn  in  Westphalia,  con- 
tained small  metallic  particles,  which  were  found  to  have  the  percentage 
composition — 


Fo. 
924 


tii. 

71) 


0-2 


(j:i 


No    carbon    could    be   detected.       These    granules   were   extremely 
malleable. 

According  to  O,  Nordenskiold,  J  a  meteorite  fell  in  the  parish  of 
Ljuogby  in  Seania  on  April  3,  1889,  and  was  subsequently  secured 
for  the  Stockholm  Museum.  It  is  a  chondrite,  not  diffiering  from 
the  most  usual  type.  Its  specific  gravity  is  36 1,  und  its  composition 
is  as  follows  : — 
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FuO. 

Ala^v 

NiO. 
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0^59 
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2-38 
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0  10            0-40 

•  Tm»m€lioni  t^ftheNfie  York  Atsidemit  ofSnenre^  vol  ix.  pp.  Ii\7-19B. 
t  Oaterreichitthe  ZeiUckHjtfUr  Berg  -tind  Hiittetucemi,  voL  xJ.  pp.  465-468, 
t  Jakfbtu^h JUr  Minemlpffie^  1892,  No.  I.,  pp.  138-1401 
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The  composition  of  ttie  portion  (nickeliferous  iron)  soluble  in  merearic 
chloride  was — 

Fe.  \'i.  Co.  Cm.  ToIhI. 

83*67  16*24  0  17  0  34  100-^ 

Analysis  shows  that  the  portion  soluble  in  hydrochloric  acid  consists 
of  fairly  pure  oliirine,  whilst  that  insoluble  in  acid  consists  of  broniite. 
The  various  constituents  are  present  in  the  meteorite  in  the  foHuwing 
proportions : — 

Nickel iferoua  irmi II 'fS  ^M 

Olivine ,        .  40*9$  ■ 

H                  BroDKtte ^'Se  H 

■                  Troilttc  . 0-55  ■ 

^H                   li'ot)  phosphide                                                                     .  0'55  ^M 

^H                  Clirome  iron  ore    .                                                            ,  0'87  ^M 

^^L^            Cat  bun  and  soluble  laltD         ,...,.  0*52  ^H 

^^"  Tot 4 im-mi  ^ 

Manganese  and  tin  are  not  present  The  high  proportion  of  nickel  in 
the  nickeliferous  iron  is  noteworthy. 

The  native  iron  found  by  Foot^?  *  near  the  Canon  Diablo  in  Arizona 
was  found  to  contain  cavities  filled  with  a  black  substance  eontaining 
diamonds.  In  other  samples  Mallard  t  finds  cavities  containing 
rounded  grains  of  blafik  diamond,  0*5  to  1*0  millimetre  in  diameter. 
This  iron  seems  to  be  of  meteoric  origin »  Seeing,  however,  that  an 
abrupt  elevation,  which  appears  to  be  an  extinct  volcano,  has  been 
observed  in  the  vicinitVj  it  is  not  improbable  that  the  native  iron  is 
of  terrestrial  and  volcaoic  origin. 

Daubree  points  out  that  the   native  iron  of  Greenland  has  been 

shown  to  be  of  terrestrial  origin,  and  to  be  connected  with  basaltic 

^ruption,     Tlie  determination  of  the  origin  of  the  native  iron  of  the 

Ba^on   Diablo,   he   considers,    would   probably   throw   light   on   the 

Question  of  the  formation  of  diamonds. 

Mr.  E.  K  Howell  J  gives  further  particulars  of  the  Welland,  the 
Hamilton  County,  the  Puquois,  the  De  Cewsville,  and  the  El  Chaiiara- 
lino  meteorites.  He  also  describes  two  meteorites,  the  Dona  Inez  and 
the  Llano  del  Inca,  found  in  Atacama^  Chili,  in  1888,  during  the  survey 
of  the   frontier.      They  belong   to   the   mesosiderite   class.      Pieces 

•  Jounmf  o/lfc^  Irmi  afui  tStcd  IiuUtute,  1892,  No.  L,  p.  2S5. 
t  ComfAes  Hendu»  df  rAeafiimie  du  ScicnctM^  voL  Ciiv.  pp.  812-S14. 
t  Pntcttdinfjn  fif  the  Mothester  A^mdemp  0/  JSoienoe,  vol.  i.  pp.  80-100  ;  Jakrhu^h  f&r 
Mifkcmtogie,  1802»  vol  ii.  pp.  33-36, 
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fouad  near  the  Cerro  de  Do^a  Inez  gave  on  analysis  the  following 
results : — 


I. 
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HI, 
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FoO. 

Al,0„ 

P,0,.  1  NiO. 
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CaO. 
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l'(S7 
4-42 

4-92 

14-71 
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1-06 
1-54 

twee 
trace 

99  24 
98-45 
99-43 

4 

I.  Aiial7ftii  of  the  mMif  IL  AnaJyii*  of  the  portion  (29*77  per  cent.)  insoluble  in 
hydrooblonc  i^id ;  IIT,  Analyiii  of  the  portion  {70'23p€r  cent.)  »oluble  in  hjdrochlonc 


The  specific  gravity  was  3*89,  Under  the  microscope  the  following 
constituents  were  detected  :  Red  morioclinic  and  colourless  rhombic 
pyroxene,  anorthite,  olivine,  magnetite^  troilite,  and  nickeliferous  iron. 
According  to  B.  Doss,*  on  April  10,  1890,  at  4  P.M„  a  meteoric 
stone  was  observed  to  fall  on  the  Misshof  estate  in  Kurland,  Russia, 
The  fall  w^is  accompanied  by  a  loud  report.  The  meteorite  is  now  in 
the  Riga  Museum.  Its  original  weight  was  about  5800  grammes,  and 
its  specific  gravity  is  3-79.  It  is  covered  by  a  dull  black  crust  0"01  to 
0'02  inch  in  thickness,  and  the  interior  has  a  somewhat  porous  texture* 
It  belongs  to  the  chondrite  class  of  meteoric  stones.  Under  the  micro- 
scope it  is  seen  that  fragments  of  olivine  and  rhombic  pyroxene  are 
associated  with  particles  of  iron  and  of  magnetic  pyrites,  and  with  the 
characteristic  choudra?  forming  a  porous  mass.  The  metallic  portion, 
which  amounts  to  2 3 "77  per  cent  of  the  mass,  consists  of  5 "82  percent 
of  magnetic  pyrites  and  17  95  per  cent,  of  nickeliferous  iron,  the  per- 
centage  composition  of  the  latter  being  as  follows  : — 

Fe.  Ni.  Cu.  Bn. 

90-75         7*52  1*06  0-67 

A  preliminary  determination   of  the   composition   of  the   meteorite 

gave— 

Nickeliftiroii!)  iron          .         ,         .         ,         .                  .  17*95 

Magnetic  pyrites    , 5*82 

Silicatea  aoluble  in  HCl 46-53 

Silicates  inaoluble  in  HCl 29''i6 

Chrome  iron  ore     ........  9'46 

BubiitiLuceM  guluble  in  water  *.*...  0'12 

Total 100*12 

The  memoir  is  accompanied  by  two  plates  and  eight  woodcuts. 
Mr.  G.  F.  Knnz  and  Mr.  E.  Weinschenk  t  state  that  on  June  25, 

*  JahrbuchfiLr  MineralugU,  1892.  No,  I.,  pp.  71-113. 
t  Amtrkan  Journal  of  Scicivct^  voL  xliii  pp,  65-417* 
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1890,  a  meteorite  was  observed  travelling  from  south  to  north,  id 
the  largest  portion^  weighing  180  lbs.,  fell  at  Farmington,  Washbgt«ia 
County,  Kansas,  on  the  farm  of  W,  H.  January,  who  witnessed  tiit* 
actual  fall  The  sound  of  the  explosion  was  heard  ihroughaut  i 
number  of  counties  ia  Kausas  and  Nebraska,  The  approximate  cois 
position  of  the  mass  is  as  follows  : — 


NickeliferooA  iron   . 

Troilite 

SUioeoiu  piirt  iotoluble  in  HCl 
Siliceous  piu-t  soluble  in  HCl . 


Per  owl 
.      7-7 

41-6 


The  iron  gave  on  analysis  the  following  results  : — 


1218 


Co. 
0*83 


99-77 


The  siliceous  part  yielded  the  following  results : — 
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I,  Portion  loluble  (olivine) ;  IL  Portion  intolnbl*,  in  hydrochlorie  idi 

As  is  generally  the  case  in  stony  meteorites,  the  nickeUiron  shows 
a  higher  perceutage  of  nickel  and  cobalt  than  is  usual  in  meteoric  ir&tts- 
The  meteorite  belongs  to  the  black  chondrites,  and  baa  the  gnjawit 
resemblance  to  the  meteorite  of  Sevenkof. 

According  to  S.  M.  Lo&anitsch,*  tlie  Jelica  meteorite  contains :— 


PorcenL 

Metiila 

.      2*49 

Troilite 

7t>0 

Chromit€        ....... 

Olfi 

Siliomtea  soluble  in  hjdrocblorio  acid    . 

.    54-00 

SilicRtes  insoluble  in  hydrochloric  acid 

.    341-25 

Orgmnio  matter      ...... 

.      013 

The  metals  gave  on  analysis  66  44  per  cent,  of  iron,  33'47  |>erceot.< 
nickel,  2  09  per  cent,  of  cobalt,  and  a  trace  of  copper. 

Chrome  Iron  Ore  in  New  Zealand.— In  a  recent  report  on  N<i 

Zealand  minerals,  it  is    stated  that  chroniite    occurs  in  the  Neli< 
district,  Jackson's  Bay,  Milford  Sound,  and  at  Moke  Creek,  0^ 
It  is  found  with  serpentine,  particularly  wnth  the  bard  variety  koo* 


*  BcrkkU  dcr  JJeutaehen  ClumMien  Qe^lscki^ift,  voL  xzv.  pp.  S7&^8S0. 
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duQite,  sometimes  formlDg  50  per  cent  of  the  mass.     In  one  place 

10' foot  band  of  the  ore  occurs.     The  maximum  output  amounted  to 

843  tons  of  ore  in  1862,  since  which  time  the  industry  has  practically 

become  extinct^ ♦ 

Chrome  Iron  Ore  in  California. — ^ Chrome  iron  ore  t  from  Obisbo  ] 
County,  California,  gave  on  analysis  the  following  results  : — 


Per  cent. 

Clirointc  oxid«        ...... 

.     52-68 
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Iganese  Ore  in  Wales. ^ — In  a  paper  on  the  occurrence  of  man- 
ore  near  the  Arenigs,  Merionethshire,  Mr*  E,  Halse  J  notes  that 
ithe  Lower  Silurian  formation  of  Eastern  Merionethshire,  there  occur 
ehas  of  trappean  ash  and  fel^patinc  porphyry,  accompanied  by  man- 
I  ore,  usually  in  the  form  of  pstlomelane  and  pyrolusite.     In  one 
uf  the  hills  in  the  district,  veins  of  manganese  and  iron  ore  occur.     A 
pie  of  the  ore  gave  on  analysis  the  following  results  s— 


MangBucM. 
46-07 


Sllfon. 
1400 


Pbo^pbanis. 
014 


Ircm. 
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m  a  careful  examination  of  this  and  other  veins,  it  would  appear 
ifaat  there  is  no  distinct  evidence  of  these  bein|^  fissure  veins,  the  man- 
^oete  ore  merely  locally  filling  the  joints  and  certain  superficial  fissures 
in  the  rocks.  The  manganeae  ore  has  probably  been  derived  from  the 
^Ispathic  ash  itself. 

Thinking  that  it  would  be  interesting  to  know  to  what  depth  the 
bianganese  ore  can  be  profitably  extracted  from  veins,  the  autlior  has 
Reviewed  the  literature  of  the  subject,  and  concludes  that  they  do  not 

down  to  any  great  depth,  probably  not  more  than  300  feet. 

Blanganese  Ore  in  the  Caucasus,— Mr.  J.  Koberts§  describes 
^h«  bed  of  manganese  ore  existing  at  Tchiatoura,  in  the  Caucasus, 
be  couDtr)'  rock  h  limestone,  the  manganese  showing  as  a  flat  eroded 

*  Ktirnnr^rtn^y  afid  Mininff  Joftrnaf,  vol  liv.  p,  393. 

"n4  n uti^mmannuehe  ZeUnng,  vol.  li.  p.  295. 

ir^fionjf  af  the  FffiemUd  InatitiUioii  of  Mining  Enffinccn,  vol  iii,  pp.  ^0-062. 
■  ^mvny  Jffunmf,  voL  btii.  p.  990. 


880 


THE  mON  AKD  STEEL  INDUSTRIEa 


bed  on  both  sides  of  a  valley.  Hitherto  it  has  only  been  worked  in 
the  most  primitive  manner.  Tlie  manganese  ore  deposits  eiistiog 
in  the  neighbourhood  of  Kvirily,  on  the  Transcaucasian  Railwiy,  are 
atated  to  cover  an  area  of  about  84  square  miles.  This  ore  is  nmied 
at  a  cost  varying  from  2s.  6d,  to  4s.  per  ton,  the  royalty  is  aboal 
2s.  6d.  per  ton,  and  the  cost  of  transport  to  the  railway  24i  to 
368.  per  ton ;  thence  to  the  Black  Sea,  Ss. ;  and  thence  to  Engiaud, 
128.  per  ton.  A  railway  in  course  of  construction  will  consider! 
reduce  this  cost  of  transport. 

The  Covadonga  Manganese  District.— Mr.  J.  A.  Jones* 

that  the  limestone  deposits  of  Mesozoic  age  occurring  in  the  CovadoDgi 
district,  Spain,  contain  beds  of  manganese  ore.  One  such  deposit  to 
which  the  author  refers  is  a  secondary  formation^  varying  from  ,5  to 
35  yards  in  thickness.  It  consists  of  about  equal  parts  of  claj  &ad 
manganese  ore,  the  ore  occurring  in  the  form  of  boulders  of  pyroloiite^ 
sometimes  as  much  as  80  tons  in  weight.  Several  millions  of  loni  of 
manganese  ore  exist  in  this  deposit. 

The  ore  as  shipped   to    Antwerp  has  been  found   on  analysil 
contain— 


4*10 


Mm 


1-20 


MetAllk 
58-48 


Of  the  present  existing  open  workings,  one  shows  a  body  of  ore 
8  yards  wide  and  4  yards  deep,  while  in  another  the  thickness  of  tbe 
ore  is  over  3  yards.  One  proprietor  has  taken  out  over  11,000  ton* 
of  ore  from  surface  workings  rather  more  than  2000  square  yardi  a^ 
extent  t 


Manganiferous  Iron  Ore  in  Sweden.— U  J.  Igelstrom  J  describ* 
a  new  locality  for  jacobsite  and  braunite  in  Sweden.  These  twtt 
minerals  are  the  chief  ores  at  the  Glakarn  mine,  in  the  parish  of  Lijrfe. 
The  former  predominates,  and  occurs  partly  as  pure  masses  and  pirtlj 
as  grains  disseminated  through  the  rock-mass,  which  consiits  m^ 
of  manganese-garnet,  rhodonite,  and  calcite.  The  mineral  is  black,  wd 
is  easily  soluble  in  hydrochloric  acid.  An  analysis  yielded  the  follDnr^Jj 
results  : — 

Insoluble. 


Forrio  Oxido. 
57*55 


Han^anoua 
Qxidc, 
3674 


HAgneatii. 
0-72 


•  Mininff  Jmim<U,  vol.  Ixii  p.  1125.  f  /?>Mf.,  p.  1038. 

X  04oloffi*ka  ForcniffCM  F^rhandlingar,  voL  xU.  pp.  137-139. 
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Manganese  Ore  in  Canada.— Mr.  H.  F.  Brmuell,*  of  the 
Geological  Survey  of  Ciitiada,  describes  the  various  imjjortant  deposits 
of  manganese  in  Canada.  That  the  industry  has  not  attained  greater 
commercial  prorainence  is  due  rather  to  the  distance  of  the  deposits 
from  the  market  tlian  to  any  insufficiency  of  supply.  This  applief^, 
however,  more  especially  to  the  low  grade  or  blast  furnace  ores, 
rather  than  to  the  highly  crystalline  pyrolusite,  to  which  the  market  is 
restricted.  All  the  workable  deposits  are  situated  in  New  Brunswick 
and  Nova  Scotia.  Throughout  these  provinces  are  found  many  com- 
paratively large  deposits  of  the  crystalline  and  serai-crystalline  ores, 
namely,  pyrolusite,  manganite,  and  psilomelane,  as  well  as  large  areas 
of  wad.  The  crystalline  ores  are,  in  the  majority  of  cases,  found  in 
rocks  of  Lower  Carhoniferous  age,  whilst  the  wad  deposits,  being 
of  recent  formation,  are  found  overlying  rocks  of  any  age,  from 
pre-Camhrian  upwartls.  The  various  deposits  are  described  in  detail 
by  the  author,  and  numerous  aiialyaes  of  the  ores  are  given, 

Manganese  Ore  from  Georgia.— Mr.  J.  M.  Couper  t  discusses  the 

possibility  of  manufacture  of  ferro- manganese  in  the  Soulheni  United 
States,  using  the  ore  from  the  Cave  Spring  mines,  Georgia,  which 
contains — 
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Allowing  3  tons  of  ore  per  ton  of  ferro- manganese,  the  writer  shows 
that  the  mauulactyre  would  prove  a  profitable  one.  The  ore  is  found 
in  irregular  deposits  of  Lower  Silurian  age. 


Manganese  Ore  in  Mexico— Mi.  E.  Halse  *  describes  theoccwr- 
rence  of  manganese  ore  near  Muleg(i,  Lower  California,  Mexico* 
Tlioiigh  of  no  commercial  value^  the  deposits  are  of  some  geological 
interest.  The  veins  consist  of  psilomelane  and  gypsum,  and  course 
through  trachytic  country.  No  distinct  evidence  of  any  true  fissure 
vein  was  obtained*  The  manganese  ore  appears  to  fill  superficial 
vein-like  fissures  and  rock  joints.  The  ore  as  a  rule  is  high  in  manga- 
nese (41  "25  to  74*53  per  cent)  and  moderately  low  in  phosphorus, 
silica,  and  iron.  It  may  be  divided  physically  into  three  classes : 
(1)  brown,  moderately  hard  and  mixed  with  gypsum  j  (2)  grey,  hard, 

*  The  Amtriean  GmhgiMt^  toL  x.  pp,  80-^ 

f  American  Mantifacturtr,  vol.  li.  p.  3<j7, 

^  Trat^aiUtiom  of  the  FeUerakd  In*iUtUiQti  of  Mining  Enffumrif  voL  ill  pp,  334-939. 
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&&d  crystalline;  and  (3)  grey  black,  soft  and  friable  tNunnroui 
analyses  are  giyen,  and  the  paper  is  illustrated  by  a  map  of  the  district 
and  sectioas  of  the  ore-deposits. 


n.—IRON  ORE  MINING. 

The  Park  Hsematite  Mines. — Tbe  iron  or©  deposit  on  which  sre 
situated  tht^  Park  mines  of  the  Barrow  Htematite  Steel  Company  is  ^e 
largest  in  the  Furness  hieraatite  district,  being  450  yards  long  by  250 
yards  broad,  and  of  unknown  tleptb.  The  ore  has  been  worked  since 
1850,  and  the  present  output  is  600,000  tons  per  annum.  Levels  ire 
driven  every  ten  fathoms  from  shafts  sunk  in  the  adjacent  hmestooe, 
a  lower  level  being  driven  as  soon  as  the  one  above  is  worked  nut 
Rises  are  put  up  from  the  level  to  the  exhausted  workings  abovdi  aaJ 
workings  are  opened  out  in  a  9-foot  slice  by  a  pillar  and  stall  methoi 
the  next  slice  being  worked  aa  soon  as  the  upper  one  is  taken  out  Tl)t 
roof  is  formed  by  the  tiniher  and  ruhUi^lK  The  timbering  consist*  "f 
heavy  uprights  3  feet  apart,  with  caps  and  brattice  wood  to  form  » 
close  roof.  Some  of  the  timber  is  recovered  and  used  over  «^iis» 
but  a  large  proportion  is  lost.     Natural  ventilation  is  employed.* 

The  Iron  Ore  Mines  of  Alabama. — The  iron  ore  mines  of  the 
Sloss  Iron  and  Steel  Company  are  ahout  five  miles  east  of  BinninghiUDi 
Alabama,  on  the  southern  slope  of  some  low  hills.  These  hills  are  cut 
by  ravines,  which  expose  the  ore  and  allow  it  to  be  easily  worked  by 
levels.  An  incline  is  constructed  on  each  side  of  the  ravine,  and  iLe 
tubs  are  lowered  two  at  a  time  on  a  carriage,  which,  together  withllu' 
empty  tubs,  is  returned  by  a  balance  running  on  a  separate  track. 
The  full  tubs  are  discharged  by  tippers  into  waggons  on  two  Hues  ijf 
railway  at  the  bottom. 

The  bed  is  about  3|  feet  thick,  dipping  18°  to  the  south.  The 
ore  contains  55  per  cent,  of  metallic  iron.  Levels,  16  feet  wide,  i» 
driven  50  feet  apart  on  a  gradient  of  1  in  200.  Three  rows  of  timbtf 
are  put  in  on  tlie  lower  side,  leaving  a  roadway  7  feet  wide,  Upw*! 
are  driven  off  from  each  level  to  the  next  24  yards  apart;  th^jyirt 
6  feet  wide  for  the  first  6  feet,  and  are  afterwards  driven  10  feci '» 
width.     In  mining  backwards  the  pillars  are  worked  longwalL    Th«r» 


*  Tranmnti/om  cftht  Mining  InttUute  of  Scotland,  vol.  xit.  yp,  10-7t 
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are  2  inches  of  soft  skte  near  the  roof,  which  is  tiiken  advantage  of 
for  holing,  ami  the  ore  is  then  got  by  hhtsling  and  wedging.  In  one 
of  these  mines  there  are  twenty -five  levels  on  one  side  and  eighteen  on 
the  other,  and  th«  production  is  500  tons  daily.  The  total  cost  of 
mining,  exclusive  of  royalty,  is  26.  6d.  per  ton.* 

Iron  Ore  Miniiig  in  China.— In  a  recent  report  to  the  Foreign 
Office,  the  tonsnl  at  Hankow,  Mr,  C.  T.  Gardner,!  describes  the  pro* 
gress  of  the  works  for  opening  up  the  iron  ore  deposits  seventeen  miles 
inland  from  Shili-hui-yao,  At  this  place  there  Is  a  hill  of  ore>  some 
three  miles  long  and  400  feet  high.  Three  assays  of  the  ore  gave 
55*16,  62  80,  anil  6  7 '30  per  cent  of  metallic  iron.  There  are  evidences 
in  the  vicinity  of  former  workings,  A  railroad  is  being  built  to  bring 
the  ore  down  to  Hanyang,  near  Hankow,  where  the  works  are  erectetl. 
Coal,  though  not  of  coking  quality,  is  found  within  a  short  distance. 

Diamond  Drills. — Illustrations  have  been  published  J  of  two  forms 
of  diamond  drills  for  eaqdoratory  work,  known  as  the  Beauty  and  the 
Champion  drills.  The  former  is  a  small  portable  machine  adapted  for 
drilling  holes  ly\  inch  in  diameter  and  extracting  a  }  J-inch  core  to  a 
depth  of  700  feet.  Its  total  weight  is  450  lbs.,  but  it  can  be  divided 
into  packages  of  150  lbs.,  and  occupies  off' its  columns  a  space  of  20  inches 
square.  The  secr^nd  drill  is  a  modification  of  a  previous  form  known 
as  the  Little  Champion  dnll. 

An  illustration  has  been  published  of  an  electric  diamond  drill  made 
by  the  General  Electric  Company,§  The  drill-head  is  mounted  on  a 
heavy  hinge,  so  that  it  can  be  swung  out  of  the  way  when  the  rods 
have  to  be  hoisted,  which  is  done  by  a  drum  mounted  on  the  machine 
and  also  driven  by  electric  power. 

A  diamond  drill  driven  by  an  electric  motor  is  also  illustrated.  || 
Some  tests  made  with  this  machine  showed  ample  power. 

Electric  Rock  Drill.^A  new  fonn  of  percussive  rock  drill, 
operated  by  an  electric  motor,  has  been  brought  out  by  Messrs,  Roper 
and  Tozer.     In  its  present  form  it  somewhat  resembles  the  Steavenson 

*  Engineering  nnd  Mininff  JmirnaL  vol.  liv,  p.  318. 

+  Foreign  Office  Mepoit»^  MiscetlatHouA  Sirtts,  Ko.  247. 

t  Engineerincfi  vol   l'\\\  pp.  249,  200 ;  BngineeriiHf  and  Mining  Journal,  vol.  lir. 

p.  15a 

§  Enginetring  Ne\ct,  vol.  xxviii.  p.  178. 

II  Sngineering  and  Mining  Journal,  vol.  liv.  p,  202. 


334 


THE  IRON  ANT>  STEEL  INDUSTRIES. 


drill,  as  tiie  motor  and  drill] ii;;  iiiechatiism  are  mounted  on  an  adjusU 
a)jle  cross  arm  on  a  standard  carried  by  a  trolley.  The  drill  is  drawn 
back  against  a  spring  which  delivers  the  blow,  by  means  of  a  two-Armed 
cam,  which  is  driven  througii  worm  and  belt  gearing  from  the  motor. 
The  motor  requires  10  amperes  at  100  volts^  and  runs  at  1800  revola- 
tiona  per  minute.     The  drill  spindle  runs  at  115  to  120  revolutions,* 

Diamond  Hand-Drills  in  Sweden.— G.  Nordenstrdm  t  publishes 
details,  due  to  Craliiis,  relating  to  the  use  of  diamond  haud-drdls 
between  the  years  1887  and  189L  Details  are  given  for  each  of 
these  five  years^  and  these  show  that  during  that  period,  which  in- 
cluded 41,099  working  day^,  and  8687 J  shifts,  the  average  distance 
hored  per  year  was  2357*4  yards,  or  1*36  yard  per  shift,  and  0*32  jard 
per  day's  work  per  workman.  The  mean  depth  of  each  hole  drilled  was 
Sd\  feet.  In  1891,  one  such  hole  was  drilled  at  Ammeberg  with  the8« 
hand-drills  to  a  depth  of  84-5  yards  in  66i  shifts.  Another  was  put 
down  during  the  year  at  Striberg  to  a  depth  of  04  5  yards.  The 
average  total  co.st  per  yard  bored  was  j£l,  10s.,  30  per  cent  of  this 
being  wages.  Instead  of  hand  labour,  petroieuin  motors  have  been 
used  with  success,  and  electricity  has  also  been  employed  with  some 
advantage.  The  value  of  this  method  of  boring  wnll  be  seen  from  the 
fact  that  it  is  possible  to  bore  to  a  depth  of  from  60  to  70  yards  in 
tweety-five  days. 


System  of  Filling  at  the  Minnesota  Mines,— According  to 
Mr  I).  H.  Bacon,!  tiie  iron  ore  deposits  worked  by  the  Minnesota 
Iron  Company  occur  in  lenticular  masses  200  to  1000  feet  long  and 
5  to  80  feet  wide,  and  they  stand  at  an  angle  of  70'  with  a  vertical 
height  of  250  to  500  feet.  Some  of  the  deposits  were  at  first  worked 
as  oj>en  pits  ;  but,  owing  to  the  weakness  of  the  walls,  this  method  had 
to  he  abandoned,  as  had  also  the  plan  subsequently  adopted  of  working 
by  underhand  stoping. 

The  method  finally  adopted  consists  in  sinking  by  levels  of  75  feet, 
carrying  in  the  cross-cuts  from  the  shafts,  and  in  working  out  the  ore 
each  way  from  the  shaft  from  the  foot  to  the  hanging  wall,  and  from 
15  to  20  feet  in  height.  When  this  has  been  tlone,  the  drifts  are 
timbered,  and  loose  rock  is  run  in  to  the  height  of  2  to  5  feet  above  the 

*  The  EfiffmeeTf  vol.  Ixidv.  p.  302, 
+  Jernkauloreii  j4«r«*/er,  toU  ilvii.  pp.  86-98, 
t  TranMoctiont  of  the  Aiiim*kan  IntiituU  of  Mining  Jlnffinetrtt  Lftltt  OhAmiiloa  itte«i> 
ing  (mdvimce  proof). 
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timber.  About  10  feet  of  the  roof  is  then  blasted  down,  broken  up, 
and  tlirowii  into  the  shoots,  from  wliich  it  k  let  down  into  trucks 
standing  in  the  drift.  As  the  stope  is  extended,  filling  is  proceeded 
with  by  letting  the  rock  in  and  timbeHng  up  the  shoots  and  ladder- 
ways  as  before.  The  syatem  is  clearly  shown  by  illuatrations  accom- 
panying the  paper. 

By  this  method  the  expense  of  lowering  rock  Is  avoided,  excellent 
ventilation  is  secured,  and  no  cross-cuts  are  required  except  the  one 
cnmmunicatiDg  with  the  shaft  at  each  level.  Overhand  stoping  is 
founil  cheaper  than  underhand  ;  the  roof  is  always  near  and  easily 
examined. 


Blount  Springs  Limestone  Qnaxries.—The  limestone  quarriea 
at  Blount  Springs,  Alabama,*  were  opeued  four  years  ago,  and  have 
supplied  a  large  amount  of  excellent  ilux  for  the  furnaces  in  the  Bir- 
mingham district.  Analysis  shows  the  stone  to  be  free  from  magnesia 
and  to  cany  1  to  2  per  cent,  of  silica, 

Tlie  stone  is  worked  in  benches,  the  uppermost  ones  being  40  feet 
above  the  railway.  Both  power  anti  hand -drills  are  used,  the  holes 
being  put  down  to  depths  varying  from  10  to  25  feet,  dynamite 
being  the  explosive  employed.  The  larger  blocks  thrown  down  are 
loaded  on  mule  trucks,  and  tipped  on  to  the  railway  waggons.  So 
long  as  the  quarry  men  have  to  deal  with  friable  and  weathered  mate- 
rial the  method  of  working  now  in  use  is  perhaps  the  best,  hot  the 
time  18  rapidly  approaching  when  uoderground  mining  will  have  to  be 
taken  in  hand. 


\\L— MECHANICAL  PREPABATFON. 

Classifying  Iron  Ores.— A  dressing-floor  for  the  separation  of 
friable  iron  ores  has  been  designed  and  described  by  Santesson  and 
Larson »t  Such  an  arrangement  is  now  stated  to  have  given  excellent 
results  at  the  Skedvika  mines.  It  depend?,  in  the  first  place,  on  a 
classification  according  to  size,  the  ore  being  charged  on  to  a  number 
of  superimposed  and  inclined  classifiers,  whicli  rest  on  a  travelling 
base*     In  this  way  one  system  of  classiliers  can  be  used  for  several  ore 


*  Enginferinfj  and  Mininff  Jourjiaf,  vol,  liv,  p.  413 »  with  illustraitoiu. 
t  WtrtfddiidAka  Amialcr,  1891 ;  Hiuht  u^nd  £ua%,  vol.  jtiL  p,  7tJl. 
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shoots.     At  Skedvika  the  ores  are  classified  into  three  di ff<f rent  sii«i» 
and  the  classilier  treats  from  8000  to  10,000  tons  o(  ore  Id  the  year. 

CommiMution  of  Iron  Ores, — Mr.  A,  Saldiu*  is  of  opimoatliii 
crusliers  and  r<>lii>  are  nioiit  suitable  ior  reducing  iron  ores  to  Ai«es 
suitable  for  the  blast  furnace  ou  account  of  the  regularity  of  the  m 
of  the  product,  and  of  the  cheapness  of  the  processes.  Exumplw 
of  practice  are  given,  and  the  efficiency  of  the  construction  vif  the 
machinery  is  discussed.  The  type  of  ore-breaker  which  has  the  f  mallest 
ftiimber  of  moving  parts  ts  the  original  Blake  machine ;  but  it  is  better 
to  pivot  the  swin*^ing  jaw  below  the  crashing  face,  instead  of  aboTe  it 
as  in  this  machine,  as  then  the  points  of  contact  between  the  ore  sod 
the  crushing  faces  are  most  numerous  below,  where  they  are  required. 
Besides  this,  the  shortest  stroke  and  greatest  leverage  is  then  at  tij« 
bottom,  and  a  more  even  product  is  produced.  The  speed  should  b^ 
as  great  as  possible  to  add  to  the  efficiency,  and  the  swinging  jaw  JO 
be  of  light  construction,  should  be  of  steel,  cast  hollow  with  ribs.  Tl>« 
frame  is  best  made  of  wrouirht  metal  ratlier  than  of  cast  steely  aud  tlie 
crushing  faces  shoald  be  of  Hadfield  steel 

Rolls  should  be  driven  at  a  high  speed,  600  to  700  feet  \mt  minato 

being  practicable.     At  this  speed  it  is  beat  to  replace  the  levers  ftud 

counterweights  used  in  the  Cornish  rolls  by  springs.     If  springs,  o! 

preferably  a  nest  of  springs,  are  used,  they  should  be  compressed  sots 

to  practically  act  as  a  soHd  block  till  the  maximum  working  pressKW 

is  reached,  when  they  will  give.     The  axles  should  always  be  pandlel» 

and  it  is  advisable  to  attach  the  movable  journal-boxes  to  a  pair  of 

strong  levers  firmly  keyed  on  a  heavy  Bhaft,  so  that  excess  of  strain  on 

one  journal  will  cause  both  bearings  to  move  uniformly.    The  crttsliiog 

faces  on  rolls  require  more  attention  than  on  ore-breakers,  as  the  axKl 

parallelism  is  of  the  highest  importance.     Chilled  iron  faces  are  being 

replaced  by  rolled  or  hammered  steel  tires,  which  should  be  in  one 

breadth,  as  they  can  be  rolled  16  inches  in  width  by  modern  machinery; 

Belt  gearing  is  prefenible  to  toothed  gearing  for  driving  the  rolK'i*^ 

account  of  the  smaller  wear  and  the  give,  and  it  is  allowable  toappJj 

more  power  to  the  fixed  roll  as  long  as  slip  of  the  material  between 

the  rolls  is  avoided.     In  the  f^ed  regulator  it  ia  advisable  to  contrive 

some  arrangement  by  means  of  adjustable  scrapers  in  order  to  regiiUt* 

the  flow  of  ore  at  any  given  point  of  the  face  of  the  rolls,  as  this  i»thl 

most  efficient  method  of  keeping  the  tires  true. 

•  Trans(t4:twTU  of  the  Amtrimn  InUUuie  of  Mining  Ef^;inter%  I^ke  CUmrl*^ 
meeting  (advanqe  pnwf). 
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Conveyor  belts  travelling  on  concave  rollera  are  preferable  to  screw 
or  litik  chain  elevators,  as  the  wear  in  the  latter  is  great.  Belts  with 
buckets  riveted  on  may  be  used  if  indispensable.  The  screens  should 
be  interchaogeable  with  the  minimum  of  trouble,  and  should  be  re- 
versible, as  wear  is  greatest  on  the  inner  side»  According  to  the 
author,  the  best  form  is  a  hexagonal  prismatic  frame  fitted  with  per- 
f orated  steel  plates  having  diagonal  slots ;  the  plates  can  be  removed 
without  disturbing  the  centre,  and  can  be  reversed.  The  time  that  the 
ore  remains  in  the  screen  can  be  controlled  by  varying  the  pitch  of  the 
shaft. 

In  the  discussion  on  Mr,  Hoffmanns  papers*  on  crushing  iron  ores 
for  magnetic  separation,  Mr,  S.  li.  Krom  f  urges  several  objections  to 
the  claims  of  the  Sturtevant  mill  as  the  most  suitable  and  economical 
machine  for  the  purpose.  Besides  the  additional  considerations  of  in- 
creased wear  and  power  due  to  the  process  of  attrition,  and  to  the 
high  speed  necessarily  maintained,  Mr,  Krom  shows  that  grinding  by 
attrition  produces  more  dust  than  crushing  with  a  system  of  rolls. 
Teats  as  to  the  relative  quantity  of  dust  produced  by  a  20-inch  Sturte- 
vant mill,  and  bj  rolls  from  the  same  ore  (Port  Henry,  New  York), 
gave  the  following  results  : — 

Sturtcvftufc  Mill  BoUa. 

CPer  cent.  Per  cent. 

I          From  10-meah  to  lOO-meih,  granulAr       .        ,        .    8$^  90| 

Ihrgugb  lOOeneAli,  duBt 1^  3} 

A  10-raesh  screen  has  holes  -^q  inch  in  diameter,  and  a  IG-mesh  screen 
has  holes  5*2-  inch  in  diameter.  Notwithstanding  the  probable  diminu- 
tion by  the  use  of  an  exhaust  fan  of  the  dust  remaining  in  the  sample 
of  ore  as  received  after  treatment  in  the  Sturtevant  mill,  the  excess  of 
that  constituent  in  the  mass  is  clear  from  the  figures  given  above. 

Mr,  Sahlin  J  having  in  his  paper  on  magnetic  concentration  advo- 
cated the  use  of  Hadfield  steel,  Mr.  E.  C,  Huxley  g  in  the  discussion 

*  Jout'tial  of  the  Iron  and  Steel  Imtitute,  1802*  No.  I.,  p.  304. 

+  Tratimctiiyni  of  tht  American  Institute  of  Mining  Eiiginttri^  L&ke  Champluin 
meetiug  (advtmce  proof). 

:J:  Journal  of  the  Iron  and  Steel  InstUuU^  1892,  No.  I.,  p.  303. 

§  Tramtactions  of  ike  American  Intiitute  of  Mininif  ICngineerif  Lake  ChfljnplaLti 
meeting  (advAuce  proof). 

1892.— ii.  Y 


Ground  or  crushed  to  pass  a  1 6-mesh  screen,  the  samples  gave  ; — 


From  10-meab  to  lOO-meah,  granukr 
Through  lOO-meah    .        .        ,        . 


Sturtevant  MiU. 

BolK 

Far  cent. 

F«r«aat. 

.    824 

83S 

.    174 
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pointed  oat  that  he  has  not  found  this  steel  to  wear  so  well  for  bushiugi 
on  the  Sturtevant  mill  as  chilled  iron.  Mr  H.  M,  Howe  not^d  tkt 
these  bushings  were  not  of  manganese  steel  at  all,  and  he  deprecated 
the  practice  of  calling  manganese  steel  *'  Hadfield  steel.^  Mangaoeee 
steel  is  a  special  steel  of  very  unusual  properties,  and  for  that  ressoo, 
while  highly  desirable  for  certain  specific  purposes,  is  aj>plicable  only 
within  a  comparatively  limited  sphere.  The  great  value  of  mang»a«i 
steel  is  its  power  of  resisting  combined  shock  and  abrasion.  In  neither 
hardness  nor  toughness  alone  does  it  excel  other  steels,  but  in  the  c<rai- 
bination  of  these  qualities.  This  combination  renders  it  applicable  td 
the  Cyclone  pulveriser,  in  which  abrasion  and  violent  blows  fromloinpi 
of  ore  have  to  be  resisted.  These  same  conditions,  however,  do^nflt 
obt&m  in  the  Sturtevant  mill,  in  which  abrasion  alone  is  to  be  resisted. 

The  MagBetic  Separation  of  Iron  Ore,— At  the  Sanfori  o»- 
bed,  Moriah,  Essex  County.  New  York/  Mn  W,  P.  Blake  t  eiveUA 
in  1852  a  magnetic  machine  for  the  removal  of  iron  ore  from  the  «»• 
called  red  sand,  a  granular  form  of  apatite.  The  machine  weichcfi 
1400  lbs.,  and  the  cost  was  £240.  It  was  constructed  not  with  pt^r* 
manent  magnets,  but  with  electro-magnets.  It  was  first  turned  bt 
hand,  and  twelve  battery-cells  were  used.  The  magneto  not  being 
sufficiently  strong,  more  batteries  were  procured,  and  the  machine  wai 
driven  by  steam-power.  The  ore  was  dried  in  kilns,  then  ground  iliJ 
fed  upon  a  leather  belt,  which  carried  it  under  the  magnets.  Afttf 
experimeuts  had  been  luade  for  three  months,  the  machine  worked 
fairly  well,  using  twenty^four  cells»and  giving  a  product  of  from  3toB 
ions  a  day  of  granular  phosphate.  The  original  material  contained 
20  per  cent  of  iron  ore.  At  one  time  thirty-six  cells  were  tsei* 
The  strength  of  the  magnets  was  unequal,  the  belt  was  uneveo  in  in 
tension,  and  a  brush  was  necessary  to  secure  complete  delivery  of  tb» 
iron  ore.  The  agitation  of  the  mixed  ore  was  found  to  be  importing 
as  the  separation  was  mare  tliorough  when  the  charge  was  stirred 

The  results  recently  obtained  in  America  in  the  magnetic  conocoirt' 
tion  of  iron  ore  are  fully  dealt  with  by  A,  Sjogren.  | 

In  a  pa]>er  read  before  the  Institution  of  Mining  and  Metallwffr 
Mr.  W.  B.  Basset  g  described  the  various  machines  which  have  beifl 

•  Jmirtiai  of  t/ie  Iron  attd  S$eei  Inttitute,  1892,  No,  I.,  p.  288.  _ 

t  TrauMctiofU  of  the  American  JnsUtnte  of  Atining  En^nem,  Lak*  Ow*?''"! 
meeting  (advnticp  pnK>f ). 

X  JeTfikontoret*  AnfutUr^  vol.  xItL  pp,  4^77* 
§  Minmff  Journal^  vtii  Izii«  ji.  1187* 
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devised  for  the  magnetic  separation  of  ferruginous  material.  The  first 
macbine  appears  to  have  been  madts  in  1850  by  Ommany  and  Tathani. 
In  this  two  parallel  endless  chains  working  over  rollers  carry  a  number 
of  transverse  metal  bars,  to  which  are  affixed  permanent  horse-shoe 
magnets,  from  which  the  magnetic  material  is  afterwards  removed  by 
a  brush.  In  Cook's  machine  the  ore  fell  on  a  belt  revolving  over  a 
magnetic  wheel,  the  passage  of  the  belt  outside  the  magnetic  field 
removing  the  magnetically  separated  material.  The  Sautt^e  Harle 
separator  is  a  similar  arrangement.  That  of  Hofi*man,  in  use  at  the 
Croton  mines,  has  been  frequently  referred  to  io  the  Journal  of  the 
Iron  and  Steel  InstUute.  In  the  Faber  arrangement  permanent 
magnets  form  a  drum,  a  scraper  being  used  to  separate  the  material 
removed  by  the  magnets.  A  similar  magnetic  drum,  with  slightly 
altered  hopper-charging  arrangements,  formed  the  machine  devised  by 
Fisher.  The  well-known  Edison  machine  is  also  a  drum  with  scraper 
arrangements,  a  current  of  water  being  used  to  carry  the  ore  wilbin 
the  range  of  action  of  the  magnetic  wheel  or  drum.  Machines  of 
somewhat  gimilar  arrangement,  wliich  the  author  refers  to  in  more 
detail,  are  those  of  Bell  and  Basset,  Buchanan  and  Fiske,  In  the 
AlexJinder  machine  a  containing  vessel  filled  with  water  is  caused  to 
revolve,  and  magnets  are  suspended  in  this  with  their  poles  down- 
wards. The  ore  being  charged,  the  magnets  gradually  increase  in 
weight  by  the  material  attaching  itself  to  them^  finally  drop,  and 
break  the  circuit.  The  magnetic  material  falls  from  them,  and  the 
magnets  rise  again  into  positioo. 

The  introduction  and  development  of  the  magnetic  separation  of 
iron  ore  is  fully  treated  by  Mr.  A,  Sahlin.*  He  commences  with  a 
discussion  of  the  importance  and  use  of  concentrates,  and  then  deals 
with  the  preparation  of  the  ore,  including  the  various  arrangements  of 
crushing  machinery,  and  the  methods  of  separation. 

Mr.  H.  L.  Chase  t  describes  a  magnetic  ore  separator  he  has  devised. 
Itfi  two  chief  features  are  the  smallneBS  of  the  magnetic  wheels  and 
the  peculiar  structure  of  the  magnets;  and,  secondly,  the  fact  that  it 
can  be  worked  when  immersed  in  water,  whereby  not  only  is  the  dust 
allayed  and  the  ore  washed,  but  also  the  weight  ti>  be  borne  on  the 
lower  side  of  the  belt  is  liecreased.  The  machine,  as  is  shown  by  the 
drawings  accompanying  the  author's  paper,  belongs  to  that  class  in 

*  Enffineerinff  and  Mining  Journal,  vol.  liii.  pp.  0ie-617»  63<>-fi41,  662-fiG4. 
f  TranKtctiom  of  the  Ajnerican   luHUtiU   of  Mining  Engineers,   L&ke  ChniDpliiiii 
meeting  (adv»nce  prtxif). 
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which  the  material  is  separated  into  three  classes — tailings 
and  ht^ads*  Tiie  material  is  fed  from  a  hopper  oa  to  a  hohxoni 
belt  which  posses  round  the  first  magnetic  wheel  As  the  mAtfiri&l 
pa3st;s  downwards  the  tailings  fall  off  into  their  tankp  and  the  middlings 
fall  into  the  next  division,  when  the  material  comes  opposite  a  row 
of  tixed  magnets  above  the  belt  The  pure  magnetite  is  carried  roosJ 
the  second  magnetic  wheel,  and  as  it  ascends  it  leaves  the  belt  and  ii 
attracted  by  a  third  magnetic  wheel  to  the  belt  which  passes  round 
Up  this  belt  the  ore  is  carried,  and  delivered  over  a  pulley  into 
receptacle  outsit)  e  the  tank^ 

The  magnetic  wheels  are  each  made  of  a  soft  Iron  roll  of 
diameter  (4  inches)  and  3  feet  in  length.  In  eiich  of  two  spiral 
grooves  cut  in  the  circumference  of  the  wheels  there  is  a  coil  of  copper 
wire^  arid  the  electric  current  in  one  goes  in  the  opposite  direction  to 
the  other.  The  magnetic  field  thus  obtained  is  very  strong.  Tilt 
Imnd  is  made  of  cotton  duck,  and  it  is  found  to  endure  the  blows  of 
the  sharp  material  by  yielding  before  it,  just  as  wax  does  before* 
sand-blast 

A  supplementary  paper  oa  magnetic  concentration  at  the  Tilly  F< 
mine  has  been  prepared  by  Mr.  F.  H.  McDowell.*  During  1891 
circumstances  under  which  the  magnetic  separator  worked  at  thii 
mine  were  rendered  much  more  disadvantageous  than  in  1800, 
yet  the  cost  per  ton  of  concentrates  has  been  reduced  from  8s.  5d. 
1890  to  7s.  IKl.  in  189L  The  difficulties  were  due  to  three  cai 
The  richer  portion  of  the  ore  heap  became  exhausted,  the  accamuUl 
tailings  had  to  be  removed  from  the  vicinity  of  the  mill,  and  S  pro- 
longed drought  exhausted  the  reservoir  from  which  the  water  snpplj 
was  derived.  These  difficulties  were  overcome  in  an  ingenioOB  maaii6l» 
The  water  was  obtained  from  a  small  stream,  and  by  means  rf  * 
pumping  back  system  a  daily  tiow  of  12,000  gallons  was  maJe  to  do 
duty  for  240,000  gallons,  the  amount  required  at  the  mill  in  ten 

According  to  Nordenstr5m,t  magnetic  separation   has  been  i 
duced  at  Stora  Slotterberg,  Tuna  Hiistberg,  Dannemora,  and 
grube.     At  Slotterberg  the  ore  heap  consisted  of  about  60,000 
magnetite,  assaying  GO  per  cent  of  iron.     Since  1885  a  Wei 
separator  has  been   in   use.     To  serve  it   eight  men  and  five 
are    employed.       The   output   is   about    2  "7    tons    of  separated 

*  TranMieiianM  of  the  AfMrkan  Itmtituie  of  Mininif  Enginecn,  Iskt  Cliia|U>j 
meeting  {advance  proof), 
t  JernkontoreU  Annalrr^  vol  xlvl  pp»  99-113. 
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• 
a  coet  of  nd.  for  labour,  and  4|d.  for  other  charges. 
fAt  Tuna  Hlstberg,  24,120  tons  of  stuff  have  been  treated.  This  coii- 
lamed  16*2  per  cent,  of  ore.  The  magnetic  separation  cost  3s.  1  Jd.  per 
Ion  of  ore  produced.  At  Dannemora,  50  tons  of  mine  smalls  are 
treated  in  eight  hours,  about  4d.  per  ton  being  paid  for  the  separated  ore, 
W)  that  the  process  is  Rve  times  as  cheap  as  the  original  hand  separation. 
At  the  Monteponi  mines  in  Sardinia  a  prodoct  is  obtaiiietl  whicli 
|€ondsts  of  a  mixed  ore  of  zinc  and  iron.  This  cannot  bo  separated 
jbr  wet  methods,  and  in  consequence  magnetic  separation  has  been  in- 
troduced* E*  Ferraris*  describes  this  plant.  The  magnetic  separator 
ns  a  segmental  drum  divided  into  two  halves,  separated  by  neutral 
isooei.  When  the  segments  pass  through  these  zones  the  iron  ore 
I  attached  to  them  falls  off  into  a  collector. 


lY.—METALLVmiCAL  FEEPARATIOK 

Soastillff  Iron  Ore  in  Canada. — In  a  paper  read  before  the  Min- 
ing Society  of  Nova  Scotia,  Mr,  K*  G.  Leckie  t  gave  a  description  of 
tie  roasting- kilns  at  the  Londonderry  ironworks.  The  kilns  are  a 
modification  of  the  gas  roasting-kiln  introduced  by  Westmaiin  in  Swe- 
•den.  The  total  height  of  tlie  kiln  from  floor  to  charging-<Ioor  is  28 
feet,  the  diameter  at  the  top  is  13  feet,  and  18  feet  at  the  base.  In 
the  centre  is  a  circular  brick  flue  36  inches  in  diameter  This  opens 
at  the  top  into  the  chimney,  and  assists  in  drawing  the  gases  and  the 
jirodacts  of  combustion  laterally  through  the  ore  by  twelve  ports  12 
iQcIlM  by  2\  inches,  situated  a  little  above  the  line  of  gas  ports.  The 
sports  are  sixteen  in  number,  and  in  front  measure  10  inches  by  8 
^ehes,  but  flare  back,  so  that  in  the  interior  there  is  but  a  point  of 
firt-hrick  3  inches  wide  separating  them.  This  is  divided  by  a  fire- 
Wick  partition,  so  aa  to  give  a  more  uniform  distribution  of  gas  and  flame. 
The  giiA  is  adcuitted  by  a  double  opening  in  the  bottom  of  the  port, 
^Tcrcd  by  a  loose  plate  of  cast  iron,  which  can  readily  be  moved  so 
*A  U)  regulate  the  admission  of  gas.  Formerly  the  gas  was  made  in 
producers,  but  now  waste  gas  from  the  blast  turnace  is  brought  over 
in  WToughUiron  pipes  18  inches  in  diameter,  and  distributed  around 

•  OttUrrekhitckt  ZtUtekriJi  fUr  Ba-g-  wtd  BiUienweiten,  voL  xL  fip.  234-235,  with 

t  Canadian  Mining  JKeneir,  voU  xu  pp.  151-155. 
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• 
the  kiln  by  a  cast-iron  pipe,  containing  openings  for  cleaning  a 

moving  the  dust  carried  over  in  the  gas  current 

The  raw  ore  when  charged  in  the  kiln  contains  on  an  avers 

per  cent  of  iron,  and  when  thoroughly  calcined  33  per  cent 

normal  conditions  each  kiln  can  treat  daily  (twenty-foor  hours)  6 

of  raw  ore,  but  over  80  tons  have  been  calcined  when  good  ga 

available.    Two  men  are  employed  per  shift  on  each  kiln,  one 

ing  on  the  platform  and  one  attending  to  the  gas  and  drawii 

ore.      The  ore  is  wheeled  direct  to  the  weighing  machine,  i 

charged  into  the  furnace  whilst  still  hot 
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Fireclay  from  Eckersdorf.— H.  Seger  and  E.  Cramer  ♦  have 
exiimined  fourteen  samples  of  barnt  clay-slate  from  the  Ruben  mine 
at  Neurode.  The  substance  occurs  as  a  bed,  at  the  base  of  seven  coal- 
seams,  with  a  thickness  of  2  to  4  yards,  a  dip  of  23",  and  a  length  in 
the  direction  of  the  strike  of  1500  yanla  It  has  been  explored  to  a 
depth  of  204  yards.  The  colour  of  the  calciued  material  is  nearly 
white,  and  the  proportion  of  ferric  oxide,  lime,  magnesia,  and  alkalies, 
as  shown  by  the  analyses  given  by  the  authors,  is  extremely  small. 
The  material  is  extremely  refactory,  and  in  this  respect  resembles  the 
well-known  Rakonitz  fireclay. 

Grodetl  FirOclay.^An  analysis  of  Groden  fireclay  by  H.  Seger  t 
Rve  the  following  results: — 

SiO,.         A1,0^.     FejOj.       CaO.        MkO.      Alkalies.     H,a  TotnL 

49-90        34*99        1-20       0  50        0'38        2-02        11128        100-27 

The  clay  is  very  plastic,  and  its  degree  of  fusibility  is  represented 
by  No.  34  of  Seger*s  scale. 

Fireclay  from  Wildstein* — This  German  fireclay  is  stated  by 
Bischof  I  to  contain — 


WO,. 

Al.Oa- 

Fe.O,. 

CttO. 

MffO, 

K,0+Na,0. 

Lofwi. 

501)8 

3441 

106 

0-33 

O'lS 

2-78 

nm 

Notwithstanding  the  high  percentage  of  the  alkalies,  this  clay  is 
stated  to  be  very  refractory. 


Fireclay  from  New  South  Wales,— Mr.  J.  C.   H.  Mingaye§ 
gives  the  following  results  of  analyses  of  white  clays  furnished  with 

*  ThonindMtrie  Zeilurtif^  vol.  zvi.  p.  675,  f  IbicLt  p.  559. 

t  Spreehtatd,  vol.  xkv.  p.  193. 

§  Annml  MepoH  of  iht  Department  of  Minu,  New  South  Walt$,  lfi92,  pp.  277-278. 
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a  view  of  ascertaining  their  soitability  for  the  maQufacture  of  fb 
bricks : — 


H.a 

Fa,0,. 

8iO,.        Al.O*. 

CftO. 

MffO. 

K,0.  N*,0. 

T0I4 

1.   .   . 

IL     *     . 

UL     .    . 

6-07 

8-21 

lODI 

0*00 
3-04 

7711    '    14 '28 
7335        1423 
6513    1    32t)5 

1 

0-25 

tTHM 

imoe 

on 

0-66 
tnoe 

1-65 
3Dt» 
071 

mm 
m 
mm 

The  first  sample  was  of  no  'V'alue  for  the  mauufacture  of  firebrid 
The  second  and  third  samples,  Hke  a  large  number  of  other  firecll 
from  New  South  Wales,  which  have  come  under  the  author's  noti 
during  the  last  few  years,  have  proved  themselves  from  experima 
made  to  be  of  excellent  quality  for  the  manufacture  of  firehricbu 

In  a  subsequent  report,''^  Mr.  Miugaye  gives  the  following  result!^ 
an  analysis  of  a  firebrick  made  from  clay  obtained  in  the  neigh 
hood  of  Sydney  :— 


fiiO,. 
8945 


AJ,0,. 

10-40 


0*36 


with  traces  of  ferric  oxiile,  lime,  magnesia,  titanic  acid,  and  vaDadiiill 

Bauxite  from  the  Vogelsberg, — By  a  careful  study  of  micro- 
scopical sections,  Dr.  A.  Litjbncii  t  has  obtained  evidence  that  lb 
bauxite  of  the  Vogelsberg  possesses  a  perfect  basaltic  structure,  andj 
therefore  the  product  of  the  alteration  of  a  basaltic  rock.  On  analys 
this  bauxite  proves  to  be  a  partly  amorphous,  partly  crystalline  aluii 
nium  hydrate,  rendered  impure  by  the  addition  of  ferric  oxide,  eome 
titaniferous  iron  ore,  and  silicates. 


Flre^Resisting'  Sand. — A  very  tine-grained  sand,  which  has  si 
resistance  between  Xos*  31  and  32  of  the  Seger  scale,  scarcely  clotti 
together  or  contracting  even  at  very  high  temperatures,  is  found  nei 
Cobern-Gondorf,  on  the  Moselle.  J     It  is  slightly  mixed  with  claf,  *^^ 
yields  on  analysis  the  following  results  : — 


ALOv 

l-k) 


Fe,0,. 
0-29 
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Ceylon  Graphite. — Mr*  J,   Ferguson  ^  describes  the   mineral 
sources  of  Ceylon.     The  output  of  graphite  has  rapidly  increased  i 

•  Annual  Report  of  the  Department  of  Mines,  New  South  IFrtZea,  1892,  p<  W 
i  Beittag  rur  Keninm  de$  Bm\xiU  vom  VoffeUbersfft  Gieit«ii,  1992. 
X  ThoninduBtrie  Zeitunff,  voL  xti.  p»  286, 
i  Mining  Journai,  vol.  Isii,  p.  70.'i 
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recent  yeara  In  1880  the  quantity  exported  amounted  to  10,287  tons, 
while  in  1891  this  quantity  had  increased  to  20,013  tons,  valued  at 
4,002,080  rupees.  Analysis  of  Ceylon  graphite  has  shown  the 
following  results : — 


Variety. 

Bpedfic 
Grarlty. 

Volatile 
Unkter. 

Carbon. 

A«lu 

Foil  11  ted       .        ,        ,        , 

2imi 

2-2CW 

Per  cent. 
0158 
0108  ^ 

Par  o«nt. 
99-792 

99-679 

Per  cent. 
O^OTiO 
0-213 

A  specimen  of  the  columnar  variety,  examined  by  Dr.  E.  X  Ball  in 
the  metallurgical  laboratory  of  the  Royal  College  of  Science,  showed 
0*04  per  cent  of  ash. 

The  Preparation  of  Graphite. — The  action  of  nitric  acid  on 
graphite,  to  which  IL  Lnzi  *  has  drawn  attention,  is  stated  to  be  of 
considerable  practical  importance.  The  mechanical  preparation  of 
graphite  is  not  perfectly  satisfactory  in  its  results,  and  the  Brodir 
method  has  also  its  disadvantages,  in  that  it  leaves  a  graphite  containing 
hydrogen  and  oxygen  and  resembling  lamp  black  rather  than  graphite, 
LuEi  t  moistens  the  graphite  with  concentrated  nitric  acid,  and  then 
ignites  immediately.  A  number  of  fibres  then  form  on  the  graphite, 
which  largely  increases  in  volume.  These  fibres  are  chemically  un- 
changed graphite,  and  are  so  light  that  they  float  on  water,  whilst  the 
inorganic  constituents  liberated  by  this  cliange  of  volume  sink  to  the 
bottom.     The  nitric  acid  can  be  re-collected. 

The  Manufactiire  of  Magnesia  Bricks»— P.  Karnasch  t  manu- 
factures magnesia  bricks  by  burning  a  compressed  mixture  of  burnt 
magnesite  and  blast  furnace  slag,  using  ninety-five  parts  of  the  former 
to  four  of  the  latter,  and  one  part  of  common  salt. 

The  Stephenson  and  York  Chequer  Brick,— This  is  a  new  form 
of  fire-brick  for  use  in  hoi-blaat  stoves  or  in  regenerative  chambers.  The 
shape  of  the  brick  is  that  of  a  double  Latin  cross,  the  head  and  arms 
being  of  the  same  length,  whilst  the  body  or  distance  between  the  two 
arms  is  twice  that  length.  The  brick  intended  for  hot-blast  stoves 
has  square  edges  and  a  flat  top,  whilst  that  intended  for  regenerators 
has  a  bevelled  top  to  prevent  the  deposition  of  dust  § 

•  jQumal  of  the  Inm  mid  Steel  ln«titute,  1892,  No.  I.,  |).  30*i. 
t  Oe^tei'reichische  ZciUckrvt  filr  Berg-  uimL  HilUtnweaen^  vol.  xL  p.  462. 

*  Chemiktr  Zeitung,  vol,  xvu  p.  799. 
§  Iron  AffCt  vol  xlix.  p.  768,  with  nine  iMtutmiioiiB. 
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I,— CALORIFIC  VALUE. 

The  Calorific  Power  of  Fuels. — An  extended  study  of  th« 
rific  power  of  combustibles  used  for  industrial  purposes  has  been 
published  by  P.  Mahler,*  and  is  reported  upon  by  A.  Carnot  wd  It 
le  Chatelier*  The  author  baa  used  bis  modification  t  of  Berthclot'i 
bomb,  and  a  full  description  is  given  of  the  apparatus  and  of  the  method 
of  using  it.  For  solid  materials  a  gramme  of  the  substance  is  pkced 
on  the  support,  connected  to  a  fine  spiral  of  iron  wire,  which  cso  be 
lieated  by  an  electric  current  The  shell  is  closed,  and  oxygen  ii 
admitted  from  a  bottle  till  the  pressure  reaches  20  to  25  atmospl 
The  temperature  is  taken  every  minute  for  several  minutes,  both  bel 
and  after  the  combustion,  which  is  practically  instantaneous.  By 
means  the  maximuM  temperature  and  the  rate  of  loss  by  cooling 
ascertained,  and  the  corrections  for  loss  of  heat  can  be  made  with 
exactitude.  Examples  are  given  of  several  determinations  to  show'tM 
methods  of  calculation.  After  the  experiment  the  vessel  is  opei 
and  the  acid  produced  is  washed  out  and  titrated.  A  little  wj 
placed  in  the  shell  if  the  combustible  does  not  contain  sufficient  bydi 
gen  to  form  the  acid.  Besides  coal,  any  powdered  solid  or  li^oi^ 
combustible  can  be  tested  in  this  mauner,  unless  it  is  volatile, 
which  case  it  is  enclosed  in  a  glass  bulb  and  connected  to  the  «] 

*  Bulktin  dt  la  Sociiti  d^EfiaoUifaff^meMt  pour  Vlmhatrie  Natiitmal,  4(h  #triei»  * 
vii,  pp,  317-371 
t  Journal  of  the  Ir<m  md  3M  ImtUuU,  1882,  No.  I.,  p«  30S. 
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For  testiog  a  gas  the  capacity  of  the  shell  ia  first  gauged,  and  it  is 
then  filled  with  the  gas,  exha listed ,  and  again  filled.  Oxygen  is 
passed  in  until  a  pressure  of  J  to  5  atmospheres,  as  measured  by  a 
mercury  manemometer,  is  reached.  The  lower  pressure  is  used  for 
gas  such  as  that  obtained  from  a  Siemens  producePi  and  the  higher 
pressure  for  illuminating  gas.  The  water  equivalent  of  the  shell  and 
its  accessories  is  calculated  from  the  specific  heats  and  weights  of  the 
component  parts,  and  is  checked  by  burning  naphthalene.  The  agree- 
ment between  different  experiments  with  this  substance  and  with  the 
calculated  results  is  very  close. 

A  rery  large  number  of  experiments  have  been  made  with  tbis 
apparatus.  These  are  set  out  in  tabular  form,  showing  the  chemical 
composition  of  the  combustible,  both  solid,  liquid,  and  gaseous,  and  the 
calorific  value  as  determined  by  experiment,  and  in  many  instances  by 
calculation  also.  The  bearing  of  the  experiments  on  the  calculated 
results  is  also  discussed. 

Berthelot*  also  describes  the  method  of  using  this  apparatus  for 
solid,  liquid^  and  gaseous  combustibles  with  reference  to  the  pressure 
of  oxygen  to  be  used  in  the  vessel 

Sclieurer-Kestner  f  quotes  further  examples  to  show  tliat  the  actual 
lieating-power  of  coal  cannot  accurately  be  calculated  from  its  per- 
centage composition  by  means  of  Dulong's  formula,  the  possible  error 
being  as  much  as  1'2  per  cent. 

Berth ier's  method  of  assay  gives  results  which  differ  widely  from 
those  obtaintid  with  the  calorimetric  bomb. 

The  Heat  Absorbed  in  Distilling  Coal,— H.  von  Jiiptner,$  re- 
ferring to  coal  from  tlie  Commentry  district,  gives  a  table  showing  the 
calorific  powers  of  the  various  products  ohtainei],  and  from  the  calorific 
power  of  tiie  coal  itself,  calculates  the  heat  whicli  was  absorbed  in  pro- 
ducing chemical  change  during  the  distillation  of  the  coal.  Thus  100 
kilogrammes  of  the  coal  referred  to  gives  42,060  calories,  while  the 
coke  and  all  the  other  products  of  the  distillation  yield  but  15,830 
calories. 


The  Determination  of  High  Temperatmres.— E,  Blassg  de- 
scribes a  lengthy  series  of  investigations  made  with  a  view  to  determine 

*  Cofi^Ua  Rendusde  I'Acndtfmie  des  Scienceit,  voh  cxv,  pp.  201-203, 
t  Ibid.,  vol.  cxiv.  pp.  1269-1272. 

X  Ottttmkhucke  Zrit^ckriji  fkr  Berg-  und  HutUtiweMu^  vol.  xl.  p.  436. 
§  Stahl  und£um,  voL  xii.  pp.  893-909. 
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the  accuracy  of  the  theory  of  he  Chatelier  in  the  case  of  the  comli 
tion  of  water-gas,  both  when  using  an  excess  of  air  or  an  excess  \ 
water-gas.  In  the  first  p1ace»  the  author  had  to  take  into  considentidj 
the  accuracy  of  the  various  pyrometera.  He  found  a  Wiborgh  air-py 
meter  gave  very  concordant  results  vrith  that  of  Braun  and  Ha 
The  main  difficulty  connected  with  the  use  of  the  latter  is  that  ma 
noise  renders  very  difficult  an  accurate  listening  to  the  vibrations  I 
the  telephone  used  for  the  temperature  determination.  The  Ch 
pyrometer  is  a  handy  instrument,  but  the  thermo-couple  variei  i 
sensitiveness,  and  the  mirror  is  unsteady  in  the  neighbourliood  ( 
macliinery  in  motion.  The  Decretel  telescope  is  only  useful  for  i 
parative  purposes,  but  alloys  gave  better  results. 

The  author  describes  in  detail  the  experiments  as  well  as  the  cJfll 
lation  of  results,  and  he  shows  that   in  practice  the  theory  of  1 
Chatelier  may  be  taken  as  absolutely  accurate :   that  not  ooly  i 
specific  heat  of  carbonic  anhydride,  but  also  that  of  water  vapour,  i 
creases  rapidly  with  the  temperature,  the  mean  specific  heat  being— 

For  oarboiiio  uihydnde,  0*1H8  +  0  000273  t-0DO0O0OKk?7l^^ 
For  wftt«r  ▼apour.  0-120  -h  0D003(>t  t. 

These  calculations  allow  fur  water-gaa  and  air,  both   burnt  cold,] 
maximum  tenijierature  of  1 7 10^    A  temperature  of  1690'  wa?  obeer 
in  one  experiment. 

Several  instruments  for  measuring  high  temperatures  are  describ 
by  Professor  W,  C.  Roberts- Austen,*    Those  mostly  used  at  the  pp 
day  depend  on  the  measurement  by  the  aid  of  electricity  or  by  opti 
methods.     Several  electrical  pyrometers  are  in  use,  but  they  are 
general  rule  too  costly,  and  are  not  sufficiently  simple  for  eve 
use  in  works.     A  full  description  is  given  of  Le  Chatelier^s  new  opti 
pyrometer,  which  is  based  on  the  photometer  of  Cornu,  and  of  J 
experimental  determinations  by  its  aid.     The  author  deals  with 
question  of  pyrometry  from  the  point  of  view  of  the  special  needs  | 
the  engineer. 

Dr.  L,  Holborn  and  Dr,  W.  Wein  t  have  made  au  elaborate  scd 
of  comparative  tests  with   the  Le  Chatelier  pyrometer  and  the  ; 
pyrometer*     Experiments  were  made  with  thermo-dlementa  cantaitill 
not  10  per  cent,  of  rhodium,  as  prescribed  by  Le  Chatelier,  but  9,  * 
20,  30,  and  40  per  cent.     It  waa  found  that  the  thermo-electric  fori 
for   high    temperatures    largely    increased    with    the    proportion 

•  Minatu  of  Proeeedinfft  of  the  IngtUuiion  of  Ciml  Enffinten,  t©I.  cx*  pp.  ISJ-M^ 
t  Zeitachrift  fUr  Inttrtimentenknnde,  voL  xii.  pp.  257-267,296-307* 
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rbodinm,  whilst  at  lower  temperatures  tbe  differeuce  was  leaa  distiiict. 
The  increase  of  the  thermo-electric  force  with  the  percentage  of 
rho<iium  is  fairly  uniform  from  10  pvr  cent,  upwards,  so  that  for  the 
preparation  of  an  element  of  constant  action  no  special  alloy  is  to  be 
preferred. 

Messrs.  Braun  and  Hartmann  *  have  devised  a  pyrometer  which^  in 
principle,  is  a  modification  of  the  Siemens  pyrometer.  As  in  this  latter 
a  platinum  spiral  is  placed  inside  a  protecting  iron  tube,  Tbe  varia- 
tions in  the  resistance  of  this  spiral,  due  to  differences  in  temperature, 
^are  observed  by  the  aid  of  a  galvanometer;  except  in  cases  where 
the  instrument  is  likely  to  be  subjected  to  much  vibration,  the  galvano- 
meter is  replaced  by  a  telephone. 
1 
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II— COAL. 


The  Microscopic  Examinatian  of  CoaL— J*  Wiesner  t  states  that 
the  chief  constituent  of  lignite  is  a  substance  which  is  brown,  trans- 
parent, and  is  decolorised  by  chromic  acid,  leaving  a  residue  which 
shows  the  reactions  of  cellulose.  As,  however,  this  does  not  with- 
stand the  action  of  chromic  acid,  it  follows  that  lignite  is  completely 
decomposed  by  chromic  acid,  or  rather  by  the  mixture  of  potassium 
bichromate  and  sulphuric  acid,  which  the  author  employed.  The 
other  kinds  of  fuel  which  were  examined  ntnged  from  anthracite 
through  coking  coal  to  charcoal,  lampblack,  and  graphite.  These  all 
contained  some  of  this  substance,  destructible  in  chromic  acid,  which 
vriis  observed  in  lignite^  though  usually  in  very  small  quantities. 
Examined  under  the  microscope  in  the  form  of  a  fine  powder,  the 
chromic  acid  solution  io  contact  with  the  fuel  becomes  in  the  first 
place  brown  and  finally  green.  Tbe  residue,  even  after  having  been 
treated  for  some  weeks  with  fresh  scdution,  shows  no  sign  of  any 
change*  It  behaves  like  amorphous  carbon,  and  at  tbe  ordinary  tem- 
perature is  only  attacketl  by  chromic  acid  with  extreme  slowness. 
Anthracite  consists  in  the  main  of  a  black  material  scarcely  at  all 
affected  by  a  chromic  acid  solution.  It  also  contains  a  transparent, 
deep-brown  coloured  substance,  which  is  slowly  oxidised  by  chromic 
acid,  but  leaves  no  cellulose  residue.  Bituminous  coal  appears  to  be  a 
mixture  of  lignite  and  anthracite,  leaving  a  small  quantity  of  cellulose 

*  St€thl  und  Eisenf  vol.  x\L  pp.  656-G57,  three  illuatratiooa, 
t  MonaUlicfU  fUr  Ckevikf  voL  nil  pp.  371-410. 
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after  the  chromic  acid  treatment.  Brown  charcoal  is  completely 
decomposed  by  chromic  aeid^  cellulose  being  readily  observable.  Black 
cbareoal,  on  the  other  hand,  is  scarcely  attacked. 

The  Soluble  and  Resinoid  ConstitEents  of  Coals* — In  con- 
tinuatiou  of  their  previous  researches*  on  the  soluble  and  resinoid 
congtituenta  of  coals,  Professor  W,  Smith  and  Mr.  J.  C.  Chorley  t  have 
examined  further  samples  of  coal  from  the  island  of  Ktusbiu,  Japan, 
whence  the  Miike  coal  was  obtained.  The  analyses  of  the  coal  and 
adh  show  that  the  bituminous  matter  increases  with  the  lime,  and  the 
more  recent  coal  contains  moat.  This  seems  to  prove  that  these  sub- 
stances are  not  secondary  products,  but  are  the  original  resins  pro- 
duced by  vegetation,  which  have  not  had  so  much  opportunity  of 
being  altered. 

Composition  of  Coal.^ — Professor  11.  Ackerman  J  gives  a  Uble 
showing  the  rtfiative  weights  and  compositions  of  coals  used  in  Sweden. 
The  coals  are  derived  chiefly  from  collieries  in  South  Yorkshire*  The 
mean  of  the  results  given  is  as  follows  :*= 

Kilogruau 

Weight  of  coal  per  cubic  mette,  a«  used 746 

,,  „  at  dried 723 

On  heating  in  a  closed  crucible,  the  coal  yielded — 

Hygroscopic  water          ....»,        3*2 
Gasei,  inoombuittble      .        .        .                .  6*3 

GftiA.  oombuatibk                          .  .      18  7 

Cftrbon    .        .  ^   .                         .        .        .  60  0 

A«h ,5-8 

Totttl        .....     100-0 

The  composition  of  the  dried  coal  was — 

Carbon    .........  ffH 

Hydrogen        . 6*2 

Oxygen 9*9 

Nitrogen         ........  1"2 

Sylphur .                         ......  0*4 

Alb .  e-o 

Total         .....     100^ 


•  JourfitU  of  the  Iran  and  Steel  InttUute,  1892,  No.  L,  p.  3ia 

f  Journal  of  the  Soekiy  of  Chrmf  col  Indit*tty,  vol.  xj.  pp.  591-592. 

X  JenikxmUirHi  Annaitr,  vol.  rlvi.  pp.  321-4ti2. 
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The  percentage  of  elements  combined  with  100  parts  by  weight 
of  carbon  w as- 
Carbon 1000 

Hydrogen       ...  fi'8 

Ozjgen   . 12'4* 

Nitrc^eD         «,......         IC 

One  cubic  metre  of  coal  contains — 

Rilogrammei. 

Carbon    .        * 558'2 

Diipouble  hydrogen 28'3 

Hygrowjoplo  WEter .      23  9 

The  Spontatieotis  OombustioB  of  Coal— 0.  Binder  *  Las  de- 

vist^d  an  arrangement  for  the  determination  of  the  temperature  exist- 
ing witliin  a  large  mass  of  coal.  An  iron  tube  is  thrust  into  the  coal 
to  be  examined,  filled  with  oil,  and  a  thermometer  inserted.  Bj  using 
a  number  of  such  tubes  the  average  temperature  of  the  mass  can  be 
ascertained*  As  a  means  of  judging  as  to  the  probability  of  tbe  spon- 
taneous  combustion  of  the  coal^  a  determination  of  the  moisture  it 
contains  is  suggested^  as  from  the  quantity  of  moisture  which  the  dry 
coal  will  absorb  from  the  atmosphere,  the  capacity  for  absorption  of 
a  given  coal  can  be  jtidged.  The  following  table  is  given  to  show  tbe 
apphcabihty  of  tlds  method  ; — 


Chuice  of  Bpont&nMua 

Peroentagtt  of 

FercentAgo  of 

Corabuatiotu 

Pyritet. 

Motature. 

f 

1-13 

2-54 

VcryiligUt       .        .        .     < 

101-3^04 

275 

\ 

lol 

3U0 

i 

1-20 

4*50 

ATerage   .        .        .        .     < 

IM 

435 

I 

1  15 

4  75 

f 

1*12 

4*85 

Large        .        .        .        .     < 

0-83 

5-30 

0-84 

rr52 

I 

IDO 

ttOl 

The  causes  of  spontaneous  combustion  of  coal,  and  the  prevention 
of  explosions  on  shipboard,  are  also  dealt  with  by  Mr,  M.  V»  Jones^f 
especial  attention  being  paid  to  the  ventilation.  lu  the  discussion,  it 
was  noted  by  Mr.  A.  L.  Stevenson  tliat  coal-bunkers  at  coke-works 
often  took  fire  urdess  they  were  frequently  emptied  and  cleaned  out. 

•  Stahl  nnd  Eiteiit  vol  xii.  p.  809. 
•    t  TmntacHom  of  the  FederaU^  IfittiluUon  of  Mining  Eni;ine^rty  vol.  iii.  pp.  789- 
794. 
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Geology  of  the  Northumberland  and  Durham  Coalfieli- 

The  geological  features  uf  ihu  coaltield  are  perhaps  better  known  tba 
those  of  any  other  hi  Great  Britain.  A  careful  summary  of  what  ii 
known  of  the  geology  of  this  coalfield  has  been  prepared  by  Mr.  CJ. 
MurtoD,*  and  his  paper  is  illustrated  by  a  geological  map  of  the  dii- 
tricty  a  general  vertical  section  of  the  strata,  and  a  croas  section  acroa 
the  Team  Wash,  near  its  junction  with  the  river  Tyne.  As  m 
example  of  denudation  the  Team  Wash  is  of  interest*  It  once  formed 
a  valley  fifteen  miles  in  width,  and  is  now  filled  up  with  sand,  grtvd, 
and  clay.  It  has  denuded  the  strata  for  a  depth  of  300  feet  in  sods 
places. 

The  chief  value  of  the  UmestOQe  beds  below  tlie  coal  is  their  me  aa 
a  fiux  in  the  manufacture  of  pig  iron  in  the  Cleveland  district*  An 
average  analysis  of  the  mountairt  limestone  shows  96  per  cent  of 
calcium  carbonate,  1  per  cent,  of  magnesia,  1  per  cent,  of  ferric  oxida 
and  alumina,  and  2  per  cent,  insoluble  in  hydrochloric  add. 

The  coalfield  does  not  conUun  many  distinct  varieties  of  coal,  tks 
product  being  almost  invariably  bituminous.  Physical  chsracicn 
rather  than  chemical  composition  determine  the  economic  value  of  lh» 
coals.     Analyses  of  several  varieties  gave  the  following  results  : — 
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Geology  of  the  ResiczaDomin  Ooalfleld.  —  G.  von  Beo 

describi^s  the  Liiissic  coal-seams,  which  have  been  worked  since  Ifi 
in  the  Hungarian  county  of  Kra886'Szor<iny,  the  product  being  a  • 
specially  adapted  for  blast  furnace  use.     The  upper  seam  is  I 
yards  in   thickness.      The  lower  one  is  extremely  variable  in  thi 
nessy  being  2|  feet  at  the  Leopold  shaft  where  it  is  not  worked,  and 
as  much  as  9  yards  at  the  Sz^c^en  workings.     The  usual  thickna 
is  2  to  3  yards. 
In  the  Doman  colliery,  two  varieties  of  iron  ore  occur,  one  a  py 

•  Trwmulkm  of  the  Federated  Imtitution  of  Minii^f  EncfineerB^  val,  ili,  pp. 
t  Fofdlani  Ei^donf/,  toI  jud,  pp.  2B£^^00. 
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blackband  ore  found  above  the  upper  seam,  the  other  a  bluish  grey 
ore  occiirriDg  in  lettticular  masses,  and  giving  on  analysis  the  following 
results  :— 

LoMon 
27  40 

This  ore  is  extremely  rare,  having  been  hitherto  met  with  in  only 
two  localities. 

Coal  in  Croatia. — According  to  R.  Helmhacker,*  coal-seams  occur 
from  South  Styria  through  Croatia  along  the  whole  length  of  the 
muuntafn  range.  Tiiey  are  known  at  Gonobic  and  Studenic  in  South 
Styria,  and  in  Croatia  at  Petrovsko,  Krapina,  Jesjenje-gonije,  Radoboj, 
Vetniica,  Golubovec,  Ivanee,  Beletinec,  Koprivnica,  and  other  localities 
in  the  Belovar  range.  The  lack  of  means  of  transport  has  prevented 
the  development  of  the  mining  industry.  The  coal-seams  of  the 
western  portion  of  the  range,  where  the  TriaBsic  limestone  crops  out, 
are  black  lignites  of  excellent  quality.  The  deposit  at  Bel^tinec  is  of 
importance  on  account  of  the  raOway  to  Agram,  which  passes  in  the 
vicinity.  Five  seams  are  ktiown,  the  coal  in  each  case  being  of  good 
quality,  and  containing  no  partings  and  but  little  pyrites.  The  upper- 
most seam  is  4  feet  in  thickness,  and  the  second  is  G  feet.  Tlie  other 
three  seams  average  4  feet,  but  are  only  known  at  their  outcrops. 
The  first  two  seams  have  been  opened  by  means  of  adit-levels,  and 
found  to  be  of  constant  thickness.  The  discovery  of  seams  of  coal 
of  good  quality  in  the  vicinity  of  the  railway  is  full  of  promise  for 
the  establishment  of  a  Croatian  mining  industry;  The  author's  paper 
contains  a  full  account  of  the  geological  structure  of  the  district. 

The  Buschtiehrad  Coal  Deposit— The  seam  of  coal  which 
cropped  out  along  what  is  now  the  line  of  the  railway  from  Krai  up 
to  Wejliybka  was  discovered  in  the  year  177;").  Its  discovery  has  led 
to  the  opening  up  of  the  important  coalfield  of  the  Buschtiehrad- 
Kladno  district,  Austria.  A  historical  account  is  given  of  the  mode  of 
discovery  of  this  coal-seam,  and  of  its  working  down  to  modern  times*  t 

Coal  Ie  the  South  of  France. — ^M,  Olivier  gives  some  notes  by 
M,  Nagel  J  on  the  search  for  coal  at  Gagni^re^  and  the  discoveries  of 

♦  Berg-  und  EiUienmdnnuche  ZtUung^  vol.  li.  pp.  358-359, 

t  Oetterreiehuekt  ZtUickrift  fUr  Berg-  «»<*  HmUnuxsen,  vol.  xl  pp,  419-423,  and 
437-439. 

^  Soeim  de  rindiuiirU  Minir&Ic,  Comptta  Beiujlu9  Mtnmch,  1802,  pp.  81-90,  with 
five  plfttet. 
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the  Mokta-el-Haclid  Company.  After  m,  reference  to  the  geologid 
discussions  which  have  taken  place  over  the  Gard  coalfield,  tbe  ^nt\M 
describes  the  plant  used  in  deepening  tbe  shaft  and  in  driving  ei^ 
ploratory  roads  and  inclines,  with  detaik  of  the  eoet.  Tbe 
found  were  aa  followa : — 
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The  DaiietZ  Coalfield,— An  eIalK>rate  account  of  the  DoDfti 
coaliield  in  Russia  is  given  hy  A.  BruU.*  The  author  deali  it 
length  with  the  geugraphical  situation,  the  geology  and  the  history  of 
the  district,  the  methoils  of  working  and  the  outlets  for  the  coil,  tuA 
the  probable  future  production.  Tiiis  field  lies  on  tbe  right  bank  oi  tlie 
I>onetz  river,  and  covers  over  9000  square  miles.  According  to  Gfaad' 
Eury,  the  strata  belong  to  the  middle  zone  of  the  second  period  of  tbt 
Permian  Carboniferous  age.  The  nature  of  tbe  coal  varies  considerafclf 
in  the  same  seara,  and  the  following  varietieg  are  found  : — 
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The  anthracite  is  quite  black,  witli  a  specific  gravity  of  over  l'4i 
The  seams  are  generally  broken  and  leas  than  39  inches  tlxicL  The 
bituminous  seams  vary  from  14  inches  to  5  feet  in  thickneis,  aftd 
as  a  rule  are  regular  and  but  little  inclined,  except  near  upthrow^ 
wliich  form  local  basins.  Seams  as  thin  as  28  inches  are  worked,  bfll 
mining  is  generally  difficult  owing  to  the  ahale,  which  is  grestl/ 
affected  by  water.     The  shafts  are  small  as  a  general  rule,  and  ar^  oft<n 

*  Mifmoire^  cU  la  SocUU  du  Inginievrt  CimU,  vol.  xlv.  pp.  G35-671- 
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square  or  rectangular,  except  in  the  larger  collieries,  Some  inclmed 
jihaftjs  are  being  worked.  In  the  slightly  inclined  seams  a  pillar  and 
stall  sjstein  of  working  is  adapted,  the  staile  being  driven  at  right 
angles  about  16  yards  apart,  leaving  pillars  IS  to  14  yards  aquarci 
which  are  worked  out  backwards. 

Tiie  coal  is  loadetl  by  shoots  into  tubs  hoblin;/  about  half  a  ton. 
The  trams  are  laid  with  rails  of  15  lbs,  per  yard  on  a  gange  of  17| 
inches.  Horae  haulage  is  generally  us^d«  The  largest  winding-engine 
is  one  of  l.iO  borse-power.  The  ropes  usually  employed  are  round 
iron  or  steel  wire  ropes,  but  flat  manilla  ropes  are  used  ftjr  the  largest 
eiigiDes.  Single-decked  cages  are  in  general  use,  and  safety  appli- 
ances are  rarely  adopted.  The  mines  are  fairly  free  from  water.  Small 
quantities  are  dealt  with  by  an  automatically-actmg  water-tank  nnder 
the  cages  or  by  pulaometers.  Elsewhere  pumps  are  employed,  the 
largest  pumping-engine  being  one  of  240  horse-power.  Most  of  the 
mines  are  naturally  ventilated,  but  mechanical  ventilators  are  coming 
into  use.     Safety-lamps  are  generally  adopted. 

The  coal  is  often  much  mixed  with  shale,  and  in  many  instances  is 
picketl  on  rope  belt?.  For  coking,  the  coal  is  screened  ;  but  only  one 
colliery  has  put  up  a  washing-plant.  Large  quantities  of  coke  are 
made  in  open  ovens  on  the  Schaumburg  system.  There  are,  however, 
some  ovens  of  the  Coppee  type ;  but.  mixed  coal  has  to  be  used,  as 
some  varieties  adhere  to  tlie  wall^  and  render  mechanical  drawing 
impossible. 

The  number  of  the  workpeople  is  about  20,000,  and  wages  are 
higher  than  those  usual  in  the  neighbourhood.  Most  of  the  work  is 
let  out  by  contract  to  gangs  of  men.  The  average  production  per  day 
ia  2  J  tons  per  ooal-getter  in  one  colliery,  or  13  cwt  per  miner,  if  all  the 
workpeople  are  taken  into  account  Details  of  the  wages  paid  and  the 
price  of  sinking  and  of  other  work  are  given. 

The  Laviana  Collieries. — The  coal  found  in  these  Spanish  col- 
lieries occurs  ill  the  Lower  Carboniferous  horizon.  In  the  northern 
portion  of  this  district  two  groups  of  seama  are  met  with,  the  one 
calcareous  and  the  other  siliceous.  The  latter  is  the  more  important, 
and  the  only  one  that  has  yet  been  worked.  Five  such  seams  occur, 
varying  in  thickness  from  3  feet  to  over  4  feet,  with  a  dip  of  from  30° 
to  35"^,     The  coal  contains  but  little  ash,  and  cokes  fairly  well,* 

The  Tnron  Coal  District,  Spain, — The  Turon  valley  lies  between 

^  Ecviiitd  Mincra,  %'ol,  xliii.  p.  HS, 
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those  of  Aller  and  San  Juan  in  the  Mieres  coalfield.  At  the^ 
Victor  tntnes  six  seams  of  coal  are  known,  coursing  N,  68^  £.,1 
dipping  48°  S,,  their  thickness  varying  from  1 J  foot  to  a  little  over 2 
feet.  At  the  San  Pedro  collieries  the  course  is  S.  16'  E.,  with  50*  dip 
to  S.R,  while  at  tite  Saulo  Tomas  mines  the  seams  course  on  the 
whole  about  N*  78°  E.,  and  dip  from  5S°  to  80'  S.  The  avcnp^ 
workable  thickness  of  coal  is  believed  to  be  H  foot  througha 
lar^e  portion  of  this  district,  and  it  is  estimated  that  3O,OOO,t)00| 
can  be  mined  in  the  part  referred  to.* 


1 


The  CoalMeasures  of  the  Clarence  Basin,  New  Sonib 
Wales. — Mr.  T.  W.  E.  David  t  has  issued  a  report  on  the  seams  of 
coal  which  have  recently  been  opened  out  in  the  parish  of  BuQgi' 
walbyn,  near  Coraki,  The  geological  occurrence  of  the  coal  is  fuUj 
described  with  the  aid  of  numerous  sections,  and  numerous  aualjHt 
of  the  coal  are  given.  The  percentage  of  ash  (11-06  to  39*94)  in  tie 
average  samples  is  so  high  that  it  is  evident  that  the  coal  could  not  W 
used  for  steam  or  other  purposes  in  its  present  state.  On  the  oihtu 
hand,  its  richness  in  fixed  carbon  (45 '87  to  74*13  per  cent.),  freedom 
from  sulphur,  and  its  character  of  being  almost  smokeless  during  com- 
bustion, should  make  it  a  useful  coal  for  local  purposes,  if  it  could  be 
cleaned  by  washing  so  as  to  reduce  the  percentage  of  ash.  On  in 
average,  1  foot  9  inches  of  the  total  coal  in  the  **  tup  seam'*  might  be 
assumed  to  be  the  thickness  of  coal  of  quality  sufficiently  good  fortbo 
local  market 


or« 
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Coal  in  British  Columbia. — Among  the  many  fields  of  woi 
the  Geological  Si^rvey  of  Canada,  described  in  the  annual  report, 
observations  of  most  economic  importance  relate  to  a  very  rich  co«t 
field  of  the  Kootauie  formation  in  tlie  south-eASt  edge  of  Britii 
Columbia,  about  200  miles  from  the  Great  Falls  in  Montana.  Dr.  A. 
E.  C.  Selwyn,t  the  director  of  the  survey,  estimates  an  area  of  notbx 
than  144  square  miles,  containing  some  50,000,000  tons  of  coal  in  ] 
each  square  mile,  of  which  half  on  an  average  is  available  for  mining. 
Twenty  coal-seams  were  examined  in  the  Crow's  Nest  Pass  acd  wtift* 
wards,  showing  a  total  thickness  of  132  feet  of  coal.  Three  of  thf* 
seams  are  respectively  30,  20,  and  15  feet  thick.     On  the  cnsteru 

*  Bcvista  Mtnero,  vol.  xliit.  p.  146. 

+  Annual  Report  o/thf  Department  of  Mines,  New  South  Wales,  18I»2,  pp* ! 
X  Summaiy  Report  of  the  Gcotogical  Survey  of  Canada  for  the  Year  1891. 
1892.  pp.  i-m. 
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rf  the  Elk  River  the  series  has  twelve  coal-seams,  three  of  which  are 
bach  more  than  30  feet  in  thickness. 

The  Coal  Deposits  near  the  CanadiaB  Pacific  Railway.— 
Large  coalfields  exist  along  the  line  of  the  CiiiiaUiaii  Pacific  KailVay,* 
lad  natural  gas  is  also  found*  The  coalfield  of  Alherta  extends 
Irom  the  station  at  Medicine  Hat  to  that  at  Banff,  and  from  the  in- 
Imiational  boundary  to  the  northern  limit  of  the  jirovincej  an  area 
of  about  40,000  square  miles.  Tiie  coal  is  in  part  good  Intumiu- 
9ua  coal  and  in  part  lignite,  the  workable  seams  var}dng  from  3  to 
13  feet  in  thickness.  The  Medicine  Hat  lignites  have  been  largely 
worked  during  the  past  five  years.  The  output  of  coal  obtained  at  the 
Lethhridge  collieries  is  largely  increasing.  It  is  a  semi-bituminous 
tfoif  the  scams  averaging  5  feet  in  thickness.  A  coal  deposit  at 
Crowfoot  Creek  is  also  being  tested.  The  most  easily  workable  coal, 
lowever,  occurs  at  Barr  River  and  Coal  Creek  This  coal  yields  a 
ooke  of  good  quality.  Another  extensive  coalfield  is  that  of  the 
OaiUBore  Basin,  and  anthracite  mines  are  being  rapidly  developed  in 
tie  neighbourhood  of  Batiff,  the  anthracite  being  of  excellent  quality, 

At  Edmonton  good  coal  is  found  at  depths  of  from  10  to  100  feet 
Ulow  the  surface,  and  is  being  actively  worked.  The  coal  deposits  of 
Btitiah  Columbia  are  so  well  known  that  they  scarcely  need  mention ; 
laV  ia  addition  to  the  deposits  on  Vancouver's  Island,  others  have  been 
iMt  with  on  the  mainland,  notably  in  the  New  Westminster  and 
Kicok  diatricta. 

Toe  following  assay  t  shows  the  quality  of  the  anthracite  produced  at 
the  mines  existing  in  the  neighbourhood  of  Banff,  near  the  summit  of 
the  Rocky  Mountains,  on  the  line  of  tlie  Catiadian  Pacific  Railvyay  : — 
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This  coal  ia  largely  used  on  the  Canadian  Pacific  Railway,  and  also 
V  tleamships  in  the  Pacific. 

The  Collieries  of  Vancouver  Island.— In  a  recent  report  to  the 
Caited  States  Senate,  Mr.  Myers  I  states  that  there  are  four  large 
^i«ries  in  operation  in  the  island.     Three  of  these  are  situate  in  the 

3f\>n'*t/7  Joumaf,  vol.  liii.  p.  877- 

tl  Trftdf  Jtyumal ;  Am^rkan  MnvnfacUirer,  vol.  IL  p*  241. 

'in  MftnuffUitUTtr^  voL  IL  p.  593;  Engineering  and  Mining  J«wnaii  vol, 
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Nanaimo  coaltield,  tUe  area  of  which  is  estimated  at  200  cquare  i 
Another  colliery  has  bet?n  opened  up  in  the  Comox  coalfield,  the  tf5^ 
of  which  18  florae  300  square  miles.     The  coal  is  found  in  seams  rirj' 
ing  from  2|  to  1 1  feet  in  thickness.     The  mines  are  mostly  woiM  bj 
vertical  shafts^  varying  from  200  to  (il)O  feet  in  <lepth.     The  coal  ii  ft 
semi-bituminous  variety,  that  of  the  Nanaimo  field  assaying — 
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Tests  of  South  African  CoaL-^^lr.  T.  t^uen trail*  gim  tb 
fi allowing  ri^aults  ot  some  careful  tests  of  the  relative  value  of  Briuili 
and  South  African  coal : — 
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Tiie  British  coal  taken  n:-  aL.iiiu.ird  was  Nlxon*5  Steam  Kav 
coal»  which  gave  10  75  Ihs.  of  water  evaporated.  The  tests  werema^i" 
from  time  to  time  at  the  Beely  boilers  at  the  De  Been  diamomi 
mine. 

The  Natal  Coalfields,— Mr.  J,  P.  Hamilton  t  is  fcali&iied 
Natal  contains  a  very  good  f|qality  of  stt^am  coal  which  can  he  cheaply 
worked,  and  can  compete  with  British  coal.  The  coal-mea£Urc»  fonn 
a  large  area  to  the  north  of  the  colony  ;  the  nearest  workable  seant* 
to  the  coast  are  at  Elands  Laa*,'te  colliery^  204  miles  from  Durbin^ 
Here  three  seams  have  been  fuund  at  depths  from  the  surface  of  A 
100,  and  151  feet.  The  coal  sometimes  varies  considerably  ia  rerj 
short  distances,  and  has  been  proved  to  be  actnally  worthless  b  tow* 
collieries.  The  quantity  of  coal  avnilable  in  Natal  is  estimated  to  con* 
siat  of  equal  proportions — 518,400,000  tons — of  anthracite^  semi-bito* 

*  Rrpm-U  of  tht  Inipeclort  ofDiamovd  Aflnu  in  the  tale  Province  of  Oriqwl*'^  ^^j^ 
Cape  Town,  1892,  p.  13. 

t  TranmatimiK  of  the  Ftfttratefl  IntiihUiitn  of  Mininti  Enginttr*^  toI.  Ki  f^^ 
890. 
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minoiis  coal,  bituoiinous  coal,  and  free-burning  bituminoiis  coal,  or  in 
total,  2,073.600,000  tons»  An  assay  of  an  average  sample  of  the 
anthracite  found  at  Gladstone  gave — 
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Summing  up  generally,  tlie  author  concludes  that  the  colony  of 
Natal  possesses  a  superior  class  of  coal  for  commercial  purposes,  better 
than  any  Indian  coals  he  knows.  From  repeated  trials  under  boilers 
he  is  of  opinion  that  Natal  coal  is  15  per  cent,  inferior  to  best  Welsh 
coal ;  but  against  this  the  price  paid  at  the  various  ports  has  to  be 
taken  into  account,  and  in  several  instancea  Natal  coal  can  come  to 
the  fore, 

Ooal  in  the  Transvaal.— According  to  Mr.  W.  Gibson,*  patches 
of  coal-bearing  beds  exist  m  many  places  around  Boksburg  and  Heidel- 
berg, and  in  some  cases  are  worked  for  coal.  The  coal-seams  are 
without  vmderclays,  while  sandstones  form  interstratified  layers,  Cora 
pared  with  English  types  the  coals  are  of  inferior  quality,  containing 
a  large  percentage  of  incombustible  matter.  Oo  the  Nigel  Mynpacht 
mine  property,  coal  is  worked,  the  beds  being  identical  with  those  of 
the  Orange  Free  State.  In  tlie  Heidelberg  and  Boksburg  district  the 
coal  lies  in  detached  basins.  These  basins  are  very  shallow  in  the 
Transvaal,  but  in  the  Orange  Free  State  the  coal  strata  will  probably 
be  found  to  constitute  much  thicker  deposits,  while  it  is  certain  that 
they  cover  much  larger  areas  than  in  the  neighbouring  republic.  The 
coals  are  probably  of  drift  and  lacustrine  origin.  In  the  Orange  Free 
State  the  coal-bfJs  are  of  acknowledged  Upi>er  Karoo  and  Lower 
Stonnberg  age,  and  it  seems  certain  that  the  coals  of  the  Transvaal 
and  of  the  Orange  Free  State  belong  to  one  and  the  same  geological 
formation. 


Coal  on  the  Great  Tenasserim  River,  Lower  Burma —The 

existence  of  coal  at  various  places  on  the  Great  Tenasaenm  liiver  has 
been  known  since  1838,  and  a  coabseam  was  worked  experimentally 
in  1843.  The  discovery  of  coal  announced  this  year  is  therefore  a 
re-opening,  and  is  only  so  far  new  in  that  coal  has  been  proved  at 
another  point.     Mr.  T.  \\\  H.  Hughes  t  reports  that  the  coal  crops 

•  Qitarterl^t  Jourtial  of  thr.  Gtxilogkal  Sodetp,  vol.  xlviii.  pp.  404-437. 
t  EccortU  o/  ihe  Geological  Survey  of  India,  vol  xxv.  pp.  Ii>l-lli3. 
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out  in  the  Hti-phan-ko  stream,  a  tributary  on  the  right  bank  of  1 
Great  Teuasserim  Riven     Two  exploratory  pita  suiik  show  tbat  1 
seam  is  12  feet  7  inches  thick,  of  which  7  feet  7  inches  consists  of 
The  clip  is  as  nsuch  as  32".     Assays  of  these  samples  from  diffd 
parts  of  the  bed  gave  the  following  results  i — 
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The  commercial  value  of  tlie  Tt^nasserim  fit?lii  depends  upon  i[U^ 
tions  other  than  those  of  the  t^uality  or  the  quantity  of  the  coal^  but  il 
is  a  strong  point  in  its  favour  that  the  coal  is  above  the  average  Indiwi 
standard.  The  quantity  of  coal,  too,  is  abundant.  The  locality  it, 
however,  unfortunately  situated  for  labour,  transport,  and  sbipra^n 
A  market  other  than  the  local  one  would  have  to  be  found.  T« 
exist,  in  Rangoon  and  Penaiig^  in  both  of  which  there  would  be  i 
large  sale  for  a  good  steam  coal  at  low  rates. 
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Coal  in  the  Country  North  of  Bhamo,  Burma.— In  a  ^ 

sketch  of  the  country  north  of  Bhamo,  forming  the  frontier 
Burma  and  China,  Mr.  C.  L.  Griesbach  *  notes  that  the  hill  rsnj 
which  bound  the  Irrawaddi  river  valley  are  practically  barren  of  P 
useful  minerals.     The  only  traces  of  coal  which  occur  within  the  area 
described  are  found  ten  miles  west  of  Mogaung^  but  they  appear  to  b< 
of  little  value.     Occasionally  small  quantities  of  lignite  are  brought  w 
Myitkyina  for  sale.     This  mineral  comes  from  Talang,  where  tliere^ 
a  seam  2  to  3  feet  in  thickness.     The  Kachins  sell  this  ligDite^H 
8  aunas  a  basket,  and  it  need  scarcely  be  said  that  it  would  be  cheapo 
to  imporl  British  coal  at  this  rate. 

In  a  report  on  the  amber  and  jade  mines  of  Upper  Burma,  Dr.  F, 
Noetlingt  iucidentally  alludes   to  the  Mogaung  coalfield.      It  miglit 
more  properly  be   called  the  Saungka  coalfield,  the  outcrops  of  th** 
seams  being  situated  along  the  bank  of  a  smalt  stream  of  that 
There  is  no  doubt  that  the  coal  is  of  Tertiary  age*     The  hills  to 
east  consist  of  metamorphic  rocks,  whilst  those  to  the  west  consiit 
crystalline  limestone.     Whatever  may  be  the  thickness  of  the  co*^ 
seams  their  area  is  very  limited,  and  it  is  highly  probable  tbat  m 
strata  are  much  disturbed. 

•  Recordt  of  the  Geohgiml  Survep  of  India,  vol.  iliv,  pp.  127-190. 
t  Ibid.,  pp.  130-135. 
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Coal  in  Tonkin  and  Annam. — Of  the  collieries  which  are  at 
Kreseot  in  operation  in  Tonkin  ami  An  nam,  the  most  important  are 
hole  at  Hongkay»  forty-five  miles  from  Haiphong.  These  collieries 
hvre  been  worked  for  two  years  by  a  French  company  with  a  capital 
©f  £160,000.  Although  trials  of  this  coal  on  French  gunboats  have 
proved  successful,  it  is  not  absolutely  certain  that  there  is  a  large 
lapply  of  thoroughly  good  coal 

Collieries  are  also  being  worked  ut  Kebao,  an  island  off  the  coast  of 
Tonkin,  and  the  coal  has  proved  satisfactory  for  ships'  use,  the  engine 
nuking  aiacty-five  revolutions  per  minute  compared  with  sixty-nine 
wbeu  Cardiff  coal  was  used. 

Lastly^  the  collieries  of  Tourane  in  Annam,  formerly  worked  by  the 
Chinese,  are  now  in  the  possession  of  a  French  company,  and  yield  a 
fiirly  good  steam  coal/ 


The  Coalfields  of  Malaysia.  ^ — A  long  and  detailed  account  of 
lb«  coaUields  of  Malaysia  is  given  by  Messrs.  J,  A,  Hooze,  R.  A. 
£ekhout,  and  K.  A.  van  Sandick.f  In  these  Dutch  East  Indian  pos- 
•esiions  only  the  lower  unproductive  strata  of  the  Carboniferous  forma- 
found.    All  the  coal  is  of  the  Tertiary  formation,  that  belonging 

le  Lower  Tertiary  being  the  best,  whilst  the  Upper  Tertiary  pro- 
feces  only  brown  coals  and  lignites.     The  island  of  Sumatra  is  the 

known  at  present,  and  a  railway  is  there  being  opened  to  con- 

the  Oembilin  coalfield  with  the  coast  to  convey  an  annual  ont- 
"ptt  of  100,000  tons.  There  are  from  three  to  seven  seams  in  this 
field,  with  a  total  thickness  of  about  30  feet.  The  total  quantity  of 
eod  in  the  whole  field  is  about  200,000,000  tons,  of  which  a  large 
proportion  can  be  worked  from  adits,  and  the  rest  by  shallow  shafts. 
Details  of  the  various  sections  of  the  field  are  given.  The  coal  is  hard 
^1  black,  containing  very  little  ash,  and  is  well  adapted  for  steam- 
zuiing  purposes.  Coal  deposits  have  also  been  found  in  many  other 
jvtaof  the  island.     Java  also  contains  several  localities  in  which  coal 

been  found,  but  in  most  cases  the  seams  are  not  good,  and  the  coal 
)>  generally  impure.  Small  amounts  of  petroleum  have  been  found  in 
^Hidora,  and  brown  and  other  coals  have  also  been  discovered  in  some 
^  the  smaller  islands.  Borneo,  however,  contains  the  most  important 
«wl  d«po8it8  of  all  the  islands  of  the  Archipelago*  The  best  of  these 
^pottts  exist  in  South  and  East  Borneo,  and  one  of  the  largest  basins 

•  Brrff-  und  itHUenmiinniiehe  ZeUutiff^  toI.  li.  pp«  250-2**0. 
t  Tmiimetufiu  ojiht  Federaied  ImtUutinn  a/  Mining  Krujimerg^  voL  iiL  pp.  323-35a 
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lies  round  the  rirer  Ban  to,  and  cor  era  over  two  degrees  both  of  Iitv 
tnde  and  longitude.  The  southern  part  of  tins  field  is  best  known.  It 
contains  from  six  to  eleven  seama,  of  which  from  two  to  six  are  workibk 
The  dip  U  generallf  low,  but  the  percentage  of  ash  U  high,  due  to  tb« 
slate  partings.  Much  resin  occurs  in  all  the  Borneo  coals^  as  much  y 
2  per  c<>nt,  being  found  in  some  instances.  The  first  mine  was  worW 
by  the  Dutch  Government  in  1646  at  Riam,  and  since  then  s  gocni 
deal  of  coal  has  been  extracted  in  the  vicinity,  but  the  mines  are  now 
ail  closed.  There  have  also  been  at  various  times  many  other  srork- 
ings,  and  numerous  details  of  the  different  districts  are  given.  Tbe 
following  are  assays  of  some  of  the  coals  produced  in  these  dii- 
tricts ! — 
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The  Lower  Miocene  conls  are  estimated  to  have  a  value  of  T5  ptf 
cent  of  English  coal  Out  of  districts  Nos.  2,  3,  and  4  it  will  be 
possible  to  extract  a  million  tons  of  coal  by  adits  within  \\  isil« 
of  the  river  Kotei.  In  the  provinces  of  Berouw  some  rich  cosl- 
baains  are  also  found,  in  the  richest  of  which  there  are  some  eleftn 
workable  seams,  with  61 J  feet  of  workable  coal,  of  a  qoalitj  cloself 
resembling  those  given  above.  The  extensive  fields  which  exist  ib 
North  Borneo  and  in  British  Borneo  are  not  considered  by  the 
authors. 
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Coal  in  Sumatra. — F.  Kleye*  has  discovered,  in  the  province  t)f 
BilaU,  on  the  east  coast  of  Sumatra,  on  the  rivers  Batoe,  Porkss^  sxA 
Salitiching,  extensive  beds  of  brown  coal  of  excellent  quality.  Hitherto 
the  occurrence  of  brown  coal  had  been  observed  only  on  the  westcois*i 
where  mining  has  been  carried  on  at  a  profit  for  some  time  pasi  T» 
coal  occurs  in  betls  of  from  3  to  8  feet  in  thickness,  and  at  a  sl^^^ 
depth  below  the  surface.  It  is  usually  overlain  by  an  argillsos^^'^* 
sandstone. 


Coal  in  North  Carolina.— A  deposit  of  semi-bituminow 

*  Brrp'  und  ffUtttMmdnniiehe  Ztiiimg^  vol.  li.  p.  30$. 


which  yields  a  coke  of  good  quality,  is  about  to  he  exploited  iti  Stokes 
County,  North  Carolina.  One  seam  is  36  iuches  in  thickness,  and 
another  is  54  inchea.  A  third  seam  also  exifit&  It  is  estimated  that  the 
cost  of  mining,  including  loading  on  railway  waggons,  will  he  hetween 
2s.  8d.  and  3s.  a  ton.* 

Coal  in  Colorado. — At  the  head  of  Horse  Gulch,  Hesperus, 
Colorado,  is  a  deposit  of  coal  which  is  now  being  worked.  The 
seam  attacked  is  between  5i  and  6  feet  in  thickness,  and  the  coal  is 
stated  to  be  of  excellent  quality.  A  branch  railway  is  being  con- 
structed to  this  property  to  connect  it  with  the  Rio  Grande  Southern 
Railway.  The  output  will  shortly  be  between  300  and  500  tons  a 
day.t 

A  shaft  is  being  sunk  by  the  Long's  Peak  Coal  Company  with  a 
view  to  open  up  a  large  seam  of  coal.  In  doing  this  another  seam 
3  feet  in  thickness  has  been  encountered.  J 

The  Coalfields  of  Montana. — An  account  is  given  by  Mr.  W*  H. 
Weed  §  of  the  coalfields  of  Montana,  which  at  present  are  only 
worked  to  a  small  extent.  There  is  good  reason  to  believe  that  ao 
almost  continuous  stretch  of  coal-bearing  strata  will  be  found  along 
the  foot-slopes  of  the  Rocky  Mountain  chain.  At  the  eastern  end 
is  the  Rocky  Fork  coallield,  west  of  which  is  the  Bozeman  field,  and 
smaller  fields  continue  till  the  Judith  B  isin  and  ttie  Great  Falls  field 
are  reached.  From  the  Missouri  northwards  coal-bearing  rocks  have 
been  fournl,  and  working  begun  at  the  Birch  Creek  Basin.  JiW  the 
Montana  coals  are  of  Cretaceous  age,  and  are  found  over  the  mountain 
limestone  of  the  Carboniferous  period.  In  ten  counties  there  were 
twenty-three  mines  worked  with  an  output  of  362,180  tons  in  1889, 
and  this  increased  to  517,477  tons  in  1890.  A  map  of  Montana  is 
given  showing  the  outcrops  of  hitLiniiiious  coals  and  the  position  of 
lignite  mines.  In  the  Rocky  Fork  field,  near  Bear  Tooth  Mountains, 
there  are  eighteen  seams  exposed,  of  which  eleven  are  over  6  feet  in 
thickness,  with  a  dip  of  18"*  to  the  south.  Six  seams  have  been 
worked.  The  coals  vaiy  from  household  to  steam  coals,  and  an  assay 
of  No.  4  seam  shows— 
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*  Amo'iran  Mrrnitfrtrturrr,  voL  ].  p.  373  f  fbki. 

t  Thr  Sffft  Ijfflr  Citu  Dfiihj  Trihnttt,  July  2^.  \m± 

f  Enfjinemmi  ami.  Mining  Janrna/y  vol.  liii.  pp.  520-022,  642-543. 


TkB  mal  it  hoe  of  LAnnie  or  Fofl  Uaioo  a^  Weet  of  tUo  it  the 
Hmfwmm  tM,  wUdi  hai  not  hem  Mtj  expknd.  Tkte  xrc^  ham- 
erer^  tcrcrml  woridBgi^  and  ihm  an  oeTeral  knovn  ww,  tkree  of 
vkiek  ari  or«r  S  feet  in  thkkacti.  In  tiiit  field  il  Cokodik,  Cor 
iiotiiiMe,  the  coal  ia  of  £ur  slean  i|aaIitT,  and  caa  omSj  be  suned  It 
wiO  not  coke.  The  Ctmiabar  field  la  an  iaoUted  area  of  oBall  earteiit^ 
but  it  jieldi  the  beat  coal  at  present  nuned.  Socdona  are  gmn  of  xht 
eoak  feimd  hen.  The  Horr  eoal  makes  good  eoke^  sad  there  aie  dxtj 
oreot  in  operation.  The  GaUatio  and  the  Judith  fieida  require  to  be 
opened  op  hj  a  nulwaf.  In  the  Grrat  Falla  eo^field  only  one  vork- 
able  aeam  hai  been  found,  but  a  large  prodnetioii  u  predicted  Thu 
•earn  varies  from  S|  to  7  feet  in  thicknett ;  the  upper  part  is  somewhat 
aothracitic,  the  middle  a  bright  bitamtnona  eoal,  and  the  lover  pait  ts 
a  coking  eoal.  The  seam  haa  a  dip  of  3',  and  is  eaailr  mined.  An 
average  aaeay  afaowa — 
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Further  information  ia  given  with  regard  to  the  coal  in  this  Si 
bjr  Mr,  H,  Wood,^  who  describes  the  Flathead  coal  basin.     In  this 
field  from  fifteen  to  twenty  seams  have  been  observed,  and  of  tliese  at 
least  six  or  seven  are  workable. 

According  to  Mr,  W,  H.  Weedjt  the  Great  Falls  eoalfiei J,  belonging 
to  the  Kootanie  formation  of  Lower  Cretaceous  age^  extends  from  the 
sources  of  the  Judith  River  north* westerly  at  least  125  miles.  lu 
thickest  coal-seam  known,  3^  to  7  feet  thick,  is  mined  at  Sand  Coulee. 
A  smaller  coalfield  is  mined  at  Red  Lodge,  where  nineteen  coal  seams 
have  been  examined^  six  of  them  varying  in  thickness  from  5  to  13 
feet  The  strata  dip  about  15''  southwards,  termiuating  at  the  fault 
that  runs  along  the  northern  base  of  the  Bear  tooth  range,  which 
includes  the  highest  peaks  in  Montana. 


The  BituminoEs  Coalfield  of  Pennsylvania,— Mn  I.  C,  White  J 

has  prepared  an  exiiaustive  report  on  the  stratigraphy  of  the  bitu- 
minous coalfield  of  Pennsylvania,  Ohio,  and  West  Virginia,  The 
classification  he  adopts  partly  preserves  the  subdivisious  and  nomen- 
clature of  Messrs,  W,  B.  and  H.  D.  Rogers,  such  new  features  being 


*  Snftkieerinff  and  Mining  Journal^  voL  Mv.  p.  57. 

t  3utUi4f%  of  the  0€4>l^(cal  Socutt/  of  America,  vol.  iil  pp,  301  -330, 

%  United  SUmUm  Geohgical  Survey,    Buiktin  Ko.  65,  pp.  1  212. 
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pMtA  dA  DOW  aeem  necesaary  from  tbe  present  wider  ami  more  detailed 
bowledge  of  the  coal-bearing  strata.  The  entire  Carboniferous  system 
^the  Appalachian  region  comprises  three  great  divisioos,  founded  on 
^e  cotiditiouB  of  their  deposition.  The  lower  division  is  exclusively 
harine.  The  middle  division  consists  of  shore  deposits,  and  includes 
Ae  lower  coal-measures.  Lastly,  the  upper  division  embraces  only 
Irejh  and  brackish  water  deposits,  and  includes  the  upper  coal-measures, 
ind  the  Perrao-Carboniferous  series  of  Dunkard  Creek.  The  greater 
portion  of  the  volume  is  occupied  by  a  descripiion  of  the  outcrops  and 
ttmiigraphj  of  the  five  series  into  which  the  Upper  and  Middle 
Cftrboniferous  systems  are  divided. 

The  geology  of  the  Lower  Coal-measures  of  Monongalia  and  Preston 
■ttlj|%  West  Virginia,  is  fully  described  by  Mr.  S,  B,  Brown.*     The 
H'llitficts  of  Pennsylvania  are  also  exhaiistivelj  dealt  with  by  Mr. 
E  M.  CadelLt 

Lignite  in  Texas. — In  the  Eeport  of  the  Geological  Survey  of 
Ttiaa  for  1891,  Dn  T.  B.  Comstock  describes  the  lignite  field  as  far  as 
wrTeyed  by  hira  in  that  year.  As  a  rule  the  lignite  is  of  good  quality, 
i&d  is  well  situated  for  economic  mining  iu  many  localities.  It  has 
\mn  worked  in  a  few  places  near  the  surface,  the  Hart2  mine  being  the 
nodt  ejitensive.  Here  the  principal  seam  is  a  member  of  the  Upper 
.CnUceons  series.  Mr.  W.  Kenuedy  gives  some  information  about  the 
ignites  in  Eastern  Texas,  where  the  deposits  cover  a  large  area  and  the 
are^also  near  the  surface.  The  upper  bed  has  a  thickness  of  8 
fcet>  Tftrying  to  13  feet  on  the  dip.  At  the  Alba  mine  the  seam  is  8 
fcrt  thick,  and  is  worked  on  a  pillar  and  stall  system* 

The  Calvert  Blufi*  lignite,  or  brown  coal,  deposits  near  Calvert,  Texas, 
We  been  purchased  by  a  company,  wlio  will  at  once  begin  the  briquefc- 
ling  of  the  fuel.  Tliis  is  one  of  the  direct  and  practical  results  from 
liie  investigation  by  Mr.  Dumble,  the  State  geologist,  of  European 
iDethods  of  utilising  brown  coal,  and  from  his  attempts  to  initiate  such 
Blilisation  of  brown  coals  iu  America,  The  term  liifniie^  as  generally 
^i  in  America,  is  erroneously  applied,  most  of  the  varieties  of  coal  so 
ttllfld  being  either  brown  coals,  pitch  coals,  or  glance  coals.  The  term 
lignite  is  properly  applicable  to  the  chai  coaldike  varieties  which  retain 
ooTe  or  less  perfectly  the  woody  structure.  J 

*  TKt  Ammean  Oeoiogiit,  vol.  ix.  pp.  224-228,  with  pkte. 

t  fr^ntacHont  of  Vie  Mining  InHituU  of  ScQtfiitndf  vol  xiti.  pp.  242-2G2.  with  ftix 


*  Tht  American  Qeoloffistj  vol.  x,  p,  262. 
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The  Pocahontas  Coal  Region. — Mr.  J.  D.  Weeks,*  in  at 

roport,  describes  tlie  Flj*t  Top  coke  region  of  the  Pocftbontfis  cc^...i. ., 
Thii  district  is  the  main  source  of  tupply  of  the  coke  required  forth* 
faniMS68  of  Virginia,  and,  to  some  extent,  of  Northern  Alabama.  Thii 
e#ii»ui  report  refers  to  the  year  1889.  There  were  then  2464  cob 
ovens  either  erected  or  in  course  of  erection,  and  the  ralue  of  the  cob 
at  the  ovens  made  during  the  year  amounted  to  £108,500.  Otbir 
details  show  that  up  to  the  end  of  the  year  1890  there  had  beenminad 
in  tliia  district  8,237,734  tons  of  coal,  899 "7  acres  of  coal  lands  hani* 
been  exhausted,  whilst  some  175,000  acres  still  remain.  The  avenfe 
yield  of  coal  has  thus  far  been  9156  tons  per  acre. 


Coal  in  the  Argentine  Republic— In  lui  account  of  the  mm 
in  the  Argentine  KepubliCj  Mr.  H.  1>.  Hoskold  t  deals  wiih  th©  ecveftl 
occurrences  of  coal  and  lignite.  Siimples  of  lignite  from  PagMm, 
where  it  occurs  in  considerable  quantities,  show  on  assay — 
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Four  borings  have  been  made,  antl  sections  of  tlie  stiaia  parsed  througi 
are  given.  Coal  has  been  recently  discovered  near  Biin  Kafael|  in  the 
south  of  the  province  of  Mendoza,  and  an  assay  shows — 
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Six  seams  are  reported  to  exist,  the  priucii>al  being  over  3  feet  in 
thickness.  The  ash  of  the  above  coal,  according  to  an  assay  by  Br. 
Kyle,  contains  38*22  per  cent,  of  vanadium  pentoxiiie.  In  Neaqua, 
coal  has  aUo  been  discovered,  and  samples  assay  as  follows :— 
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Lignite  in  Chili,— The  fuels  now  used  ia  Chili»  according  ^ 
C*  Vattier,!  in  a  cotumunication  on  the  mining,  metallurgical,  ii^^ 
otlier  industries  of  that  country,  are  the  native  woods  and  lignites,  in*! 
imported  coal,  coke,  and  anthracite.     The  principal  lignite  minei  ii* 

*  Centft*  BulUtin,  No*  200. 

t  Tiwntacti&n*  of  the  Fedemted  IttHituiion  of  Mining  Eninnem,  vol  ill  pp.  €J^ 

X  Mimoirfs  de  t^t^  :^cicU  dea  Itiglnieur*  CivUi,  vol.  xlf.  pp.  37-140. 
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in  the  province  of  Bio-Bio,  near  Concepcion,  at  Lota  Corotiel,  Aranco, 
and  Lebu.  Carboniferoas  deposits  are  also  met  with  near  Valdivia,  and 
to  the  south  of  the  ialatid  of  Chiloe,  in  the  islind  of  Huafo,  and  near  the 
Magellan  Straits,  but  have  not  been  worked  at  the  last-named  place. 
The  lignites  are  mostly  sea-borne,  and  sell  at  about  27s,  per  ton,  the 
output  beitig  about  €00,000  tons  per  annum,  mucli  of  which  is  used  by 
steamers.  At  Lebu  tlie  lignite  is  washed.  The  following  are  two 
assays  : — 
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They  contain  from  0"02  to  0  1  per  cent,  of  sulphur,  but  the  southern 
lignites  hold  more.  The  seams  vary  from  2  to  4f  feet  in  thickness. 
Coke  naade  from  the  lignites  is  not  of  quality  suitable  for  iroji  manu- 
facture. 
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Coal  in  Ecuador.— In  a  Foreign  Office  Report,  Mr,  W.  IL  D. 
Haggard  *  refers  to  ttie  discovery  of  a  coalfiehi  near  Kiobamba,  and 
states  that  he  is  informed  that  the  coal  is  a  good  bituminous  variety* 
Eiobamba  is  about  midway  between  Guay^iquil  and  Quito,  Should 
the  coalfield  prove  of  the  value  anticipated,  the  port  of  Guayaquil  will 
provide  a  ready  means  of  export. 

Coal  in  Mexico. — In  a  description  t  of  the  mining  industry  of  the 
Mexican  territories  of  Coahiula  and  Nuevo  Leun,  it  is  pointed  out  that 
the  production  of  coal  in  San  Felice  from  March  1,  1888,  to  January  1> 
1889,  amounted  to  55^000  tons.  The  production  of  the  Hondo  mine 
amounted  to  31,118  tons.  An  assay  of  the  coal  gave  the  following 
results  : — 
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*  Mepwisfnmt  Str  MositUy't  Rrprt»ethfaUt?tM  Abroad,     Mitoelkneoiu  S«riei,  I9£)2, 
Ko.  262. 
t  Serff'  und  BuUcnmmmmht  3eUumj,  vol  li.  p.  216, 


368 


THE  IRON  AND  STEEL  INBOSTimS. 


The  cake  obtained  from  the  coal  yielded — 
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The  colour  of  the  a^h  is  red. 

Up  to  the  present  no  fareign  mining  company  has  commenced  coal' 
mining  in  Mexica  In  1<S90  coal  was  discovered  at  Jaleeco,  on  tk 
shorofl  of  Lake  Chapala,  aa  well  as  in  the  Ameca  and  San  Gibriel 
valleys.  DeposiU  of  coal  liave  also  been  found  in  the  States  of 
Tlaxcala,  Vemcniz,  Hidalgo,  Tamaulipas,  and  Nuevo  Leon.  Some  of 
the  coal  of  this  latter  State  is  used  on  the  Hue  of  the  Mexican  Nalioaal 
Kailway«  Lignite  and  peat  are  found  in  many  part^  but  are  Uttl« 
used.  One  of  the  seams  in  the  San  Marcial  coalBeld,  Sonora,  is  3  feet 
thick,  and  only  17  feet  below  the  surface;* 

Goal  in  Periu — In  a  description  of  the  coal  and  mineral  resoarea» 
of  Peru,  Mr.  K  L:ine  t  says  that  the  vast  coal  deposits  have  scsrcelj 

been  touched.  Good  bituminotis  coal  is  found  in  the  department  of 
Juuin,  not  far  from  Oroya,  to  which  town  a  railway  will  shortlj  k 
opened.  Coke  has  been  made  from  this  coaU  At  Cerro  de  P«seo, 
near  the  railway,  bituminous  coal  is  also  found.  Anthracite  coal  b 
found  in  the  department  of  Ancachs,  contiguous  to  a  pro{>osed  railwaj> 
and  large  deposits  also  occur  on  the  Santa  River,  near  Caraz.  It  i» 
also  abundant  in  the  province  of  Huamacliuco»  and  two  mines  if» 
worked  near  the  town  of  the  same  name  in  beds  o(  4^  and  6 J  M 
thick.  At  Lltiiay  the  coal  is  13  feet  in  thickness.  Large  depofiit^  of 
lignite  occur  in  the  departments  of  Arequipa  and  Puno.  Timber  \ 
abundant,  but  its  transport  is  difficult. 


The  Coalfields  of  New  Caledoma.— L.  Peiatan  j  observes 
it  was  known  even  before  the  French  annexation  in  1853  that  tb* 
islands  of  this  group  contained  deposits  of  coal,  several  having  bpen 
noted  by  Montrousier  in  1846.  They  were  not  worked  at  all,  lio*- 
ever,  until  1864,  when  M.  Gamier  made  some  preliminary  experimenul 

*  ReviJita  Minttnt^  vol.  xliii.  p,  109, 

t  Tranaactiofm  t*f  the  FtdiraUd  ImtiiuOon  of  Mining  Snffineert.  vol  in*  pp*^ 
772,  with  iti*p. 

t  Otnie  Ciiif,  vol  3txi.  pp.  :*27-32S,  347-350,  and  3<5Q-:ma. 
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work.  He  carae  to  t!je  conclusion  that  thtre  was  no  workable  coal 
in  the  colony.  Now,  on  the  other  Imnd,  this  is  known  not  to  be  the 
case.  There  are  two  main  coal  basins,  those  of  Noumea  and  of 
Moindou.  The  Noumea  basin  extends  for  a  length  of  about  thirty* 
one  miles,  folio  wing  the  course  of  the  immense  eruption  of  magnesian 
rocka  In  hrmdth  it  varies  between  about  half  a  mile  and  a  mile  ami 
a  quarter  in  the  sonthern  part  of  the  Noumea  peninsula,  while  in  the 
northerti  portion  its  width  reaches  as  much  as  five  miles  and  a  half* 
The  area  is  estimated  at  about  62,000  acres.  A  number  of  coal-seams 
have  been  discovered,  and  the  author  refers  to  the  work  that  has  been 
done  in  connection  with  them.  He  considers  varioas  sections  of  the 
coalfield,  showing  by  illustrations  the  probable  erosion  of  the  coal- 
seams,  and  the  course  of  the  portions  of  the  seams  still  remaining. 
The  Moindon  coaliield  is  similarly  considered.  It  is  larger  than  that 
of  Noumea,  its  greatest  length  being  about  forty-four  miles,  and  its 
area  100,000  acres.  It  is  much  less  known  than  is  the  Noumea  fiehi, 
being  at  a  considerably  greater  distance  from  the  capital.  Some 
seams  of  considerable  thickness  have  been  found.  The  following 
are  some  assay  results  of  the  New  Caledonia  coals : — 
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Feat. — Professor  W.  Smith  and  Mr.  W.  M.  Travers  *  describe  the 
peat  exposed  in  the  Blackwall  tunnel.  It  contains  69 '5  per  cent  of 
moisture  and  30 '5  per  cent,  of  dry  carbonaceous  matter,  of  which 
50  08  per  cent,  is  ash.  Benzene  extracted  0'16  per  cent,  of  wax  or 
bitumen. 

*  Journal  of  ike  Societp  of  Chamcal  IndtMtrjf,  vol.  ij.  p.  oOT* 


1892.— u. 


2  A 


370 


THE  IROK  AND  6TIKL  IKDUSTBIE8. 


III.— CffARCOAL, 
Fuel  Supply  af  the  Salem  District,  India.— In  a  rejiort 

the  iron  industry  of  Salem,  Mr.  T.  H.  Holland*  states  that  the  fd 
used  is  entirely  charcoal.  For  the  preparation  of  charcoal,  the  favourit* 
wood  sterns  to  be  the  Wunjal  {Alhizzia  amata) — the  Oomla^  of  Malabar. 
Tlie  timber  is  extremely  hard,  and  mottled  with  concentric  altemali&g 
light  and  dark  bands.  Other  less  favourite  wooda  used  by  the  pariihi 
of  the  Salera  district  are — 

Serabalichan  (Efythroxiflan  indka),  a  dark  brown  wood. 

Nekaiii  {Canthium  didynmm),  a  hard  grey  wood, 

Woodavai  (Grmia  rothia). 
In  the  vicinity  of  the  iron-bearing  beds  there  is  sufficient  timb 
supply  charcoal  for  the  following  yield  of  iron  per  annnm  : — 
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It  has  been  suggested  that  fast-growing  trees,  such  as  Casuanna 
Eucalyptus^  might  be  employed  for  producing  timber  Fuitable  (^ 
charcoal  manufacture.  This  suggestion  is  not  supported  by  tbi 
author.  He  thinks,  however,  that  they  would  replace,  as  fuel  for 
railway  and  towns,  the  hard  timbers  which  are  found  to  be  suiuble 
for  charcoal,  and  that  thus  the  cost  of  the  carbonised  product  wouU 
indirectly  be  reduced.  As  to  the  nature  of  the  wood  nece&saiy  ^ 
produce  a  good  charcoal  but  little  is  known.  Experience  shows  tl** 
the  natives  prefer  hard  close*grairied  woods,  these  properties  beiflj 
desirable  probably  on  account  of  the  firmness  of  the  charcoal  aad  tkt 
small  percentage  of  ash* 

Charcoal  in  Gllili* — Up  to  the  present  time  charcoal  has  not,  i 

ing  to  C.  Vattier^t  been  mucli  used  in  Chili  as  a  fuel,  partly  on  i 
of  its  cost.     In  the  southern  part  of  the  country  it  could,  howeftf*  1 

•  RecortU  of  the  Oecdogkal  Buntep  of  India,  toL  xxv.  t>P«  135- IBW. 
t  MMoireM  de  la  SocUU  den  InffinimrM  CiviU^  vol.  xlv.  pp.  37-140. 


FUEL. 


371 


delivered  at  the  furnaces  at  22s.  per  ton,  and  experiments  have  proved 
that  it  is  equal  in  qua-lity  to  the  European  product.  In  the  sooth, 
wood  can  be  procured  in  great  abundance  in  several  varieties,  each  of 
which  is  well  adapted  for  nee  as  a  fuel. 
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The  Destnictiye  DistillatioB  of  Wood* --Some  researches  have 
been  made  by  Mr.  J.  C.  Chorley  and  Profe.-^sor  W-  Ramsay*  on  the 
destructive  distillation  of  wood.  Oiik,  beech,  and  alder  were  the 
woods  treated.  They  were  heated  in  a  glass  vessel  partly  exhausted 
of  its  air,  and  the  products  of  distillation  were  collected  and  examined. 
The  effect  on  the  production  of  charcoid  of  the  rate  of  distillation 
is  clearly  sliown  in  the  tabulated  results.  With  rapid  distillation  the 
yield  of  charcoal  h  considerably  lessened,  whilst  that  of  carbonic  an  by- 
dride  and  of  the  otlitr  gaseg  is  largely  increased.  The  total  weight  of 
the  distillate  is  not  greatly  affected.  For  the  different  kinds  of  wood, 
the  productions  of  charcoal,  both  at  high  and  low  temperatures,  do  not 
differ  appreciably.  The  change  of  wood  into  the  products  of  distilla- 
tion is  an  exothermic  change,  wood  having  somewhat  the  nature  of 
an  explosive.  That  is,  tlie  temperature  of  the  wood  rises  above  the 
external  temperature  as  it  decomposes,  and  curves  are  given  to  show 
this  effect.     This  has  been  noticed  during  distillation  on  a  large  scale. 
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Coke  from  New  Soutli  Wales.— Mr.  i.  C.  H.  Miugayet  gives 
the  following  results  of  the  analysis  of  a  sample  of  coke  made  from 
coal  obtained  from  Mount  Pleasant  colliery,  near  WoUongong : — 
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The  specific  gravity  was  1565  ;  the  percentage  of  sulplmr  in  the  ash 
was  0*25 ;  the  ash  was  white  in  colour  and  contained— 
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The  coke  is  blackish  grey  in  colour,  well  madti  in  fairly  long  lengths. 
From  its  hardness  it  should  be  readily  handled  without  much  breakage, 
and  is  equal  to  standing  the  weight  of  a  heavy  burden  of  ore  and  flux. 

•  Jowmal  of  the  &icietff  of  Chtmieal  InduBtry,  vol.  xL  pp.  3&5-i03. 

t  Annued  Report  of  the  Dtpartmtni  of  Jlims,  Neic  South  Waits,  1892,  p.  278. 
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Coke  in  Virginia. — Tiie  Pocahontas  Flat  Top  coal  region  in  Vii- 
^inxii  lias  rapidly  Bpriing  into  prominence,  according  to  Mr.  J,  D. 
\Veekfi»*  on  account  of  the  excellence  of  the  qoality  of  the  coal  for  fuel 
and  cokiDg  purposes.  The  seamg  belong  to  thtt  lowest  member 
of  the  coal  series.  There  are  at  least  three  workable  seams  alK)Te 
water-levelj  but  only  one  is  as  yet  being  worked*  ThiB  seam  varies 
in  thickness  trom  11  to  13  down  to  5  feet,  but  it  averages  9  feet  at 
Pocahontas,  and  it  contains  no  partings  except  a  streak  of  bone  ooal. 
The  meaBures  are  almost  horizontal,  and  are  free  frnni  faults  and  other 
disturbances.  The  coal  is  semibituminons,  somewhat  dull  in  lustre, 
and  has  to  be  blasted.     An  assay  of  the  coal  gives — 
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The  run  *A'  tlio  mine  cukes  fairly  well,  but  the  coke  is  much  im- 
proved by  crushing  the  coal  The  yield  of  coke  is  stated  to  not  exceed 
62*5  per  cent,  in  many  instances.  All  the  ovens  in  use  are  of  the 
beehive  type,  those  recently  constructed  being  12  feet  in  diameter  and 
7  feet  high,  though  some  makers  prefer  them  rather  smaller.  Some 
successful  experiments  have  been  maile  with  the  Soldenhoff-Coppfc 
oven,  giving  a  yield  of  67*5  per  cent,  in  36  to  48  hours.  The  clmrge 
for  the  beehive  oven  varies  from  9000  lbs,  for  72  hours  to  8000  lbs.  for 
48  liours.  The  cost  is  given  by  various  authorities  as  from  6s.  7d.  to 
7s,  3d.  per  ton  ;  a  detailed  average  given  by  the  author  totals  up  to 
6s.  8d.     Three  assays  of  the  coke  are  as  follows  : — 
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Various  statistics  and  other  details  of  cost  are  given^  and  the  whol 
subject  of  the  coal^  the  coke,  and  its  uses  are  treated  in  a  most  com* 
prehensive  manner. 

Manufacture    of   Coke, — According   to    EossigneuXjt   in    1889 

Europe  produced  22,195,000  tons  of  coke,  of  which  Crreat  Britain 
produced  6,3  jMir  cent.,  Prussia  20  per  cent.,  Belgium  10  per  cent,, 
France  5  per  cent,  and  Moravia  200,000  tons,  whilst  the  United 
States  produced  in  the  same  year  8,500,000  toDi     The  theory  of 

•  fTew^wir  BunHln.,  No,  200,  W^hingtoii,  Aug.  %  1892. 

+  BuiUtin  de  fa  SocUU  tit  UnduHrie  Minerale,  vt*L  v,  pp.  887-477.  fiO&  58i>. 
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coking  is  fully  discussed  by  the  author  in  his  lengthy  paper,  and  he 
describes  the  various  coking  processes  in  heaps,  stalls,  beehive  ovens^ 
and  the  principal  coke-ovens  introduced  of  late  years. 

8ome  Botes  on  several  types  of  coke-ovens  are  given  by  Mr.  T.  W. 

H.   Mitchell,*  showing  their  advantages  and  disadvantages.     lu  the 

Ctjpp^  oven  the  heat  is   so  intense   that  it  makes  good   coke   fiom 

infenor  smudge^  and  the  average  }ield  is  10  to  12  tons  per  oven  for 

three  lo  four  years,  but  sifter  that  ttme  the  yield  falls  oiF  unless  exten* 

iive  repairs  are  made.     Tlie  labour  cost  is  low  owing  to  the  system  of 

puahijig  out  the  coke,  and  the  space  occupied  is  small.     The  coke  has 

D/it,  however^  such  a  good  appearance  as  beehive  coke,  and  also  the 

pmne  cost  and  the  maintenance  at  it  high.     The  intricate  conneciions 

between  the  ovens  necessitate  seveial  being  laid  off  when  one  is  being 

repaired.     As  the  coke  is  watered  outside  the  oven,  it  is  dull     The 

furnace  or  oblong  oven  produces  coke  which  fetches  a  better  price  than 

ike  Copp^e  coke.     The  ovens  can  be  drawn  by  an  anchor,  but  tlie  side 

flues  are  constantly  giving  way  or  getting  blocked  up.     The  yield  does 

not  exceed  6  tuns  per  week  from  Silkstone  smudge.     The  Dixon  and 

Bfeekan  oven  occupies  twice  the  area  of  a  Copi>ee  oven.     It  cokes  12 

tons  per  week  and  yields  10  per  cent,  more  coke  from  the  coal  than  a 

beehive  oven.     As  coking  proceeds  both  from  top  and  bottom,  there  is 

ft  parting  in  the  middle.     The  beehive  oven  is  simple  and  ibirable,  and 

ti)e  cost  of  repfurs  is  low.     Mechanical  means  for  drawing  the  coke 

hare  been  adopted  with  success  in  several  in&lances.      The   D-shapeil 

ovfa  gives  a  greater  yield  of  coke  than  a  bt-eliivej  which  occupies  the 

ivne  area,  while  the  construction  is  even  more  simple,  though  it  is  not 

quito  so  strong.     The  necessity  for  crushing  and  wasliing  the  coal  is 

^10  discussed. 


The  Semet-Solvay  Coke-Oven. — F.  \\\  LiirmaTm  t  states  that 

^'Vrnri  Mil  liii^  systtjm  have  been  in  use  in  Belgium  for  the  past  five 
)>Ar&,  205  being  now  erected  ivhile  140  are  in  cour&e  of  construction. 
Tbe  oven  is  well  suited  for  the  coking  of  baiily  caking  coals,  and  works 
lith  cooiiderabie  rapidity,  a  charge  of  from  4  to  o  tons  being  finished 
ia  less  than  twenty- four  hours.  The  sides  are  made  extremely  thin,  with 
brizontal  aide  flues ;  but  solid  fire-brick  pillars  from  15  to  20  inches 
lihiekness  are  left  between  the  ovens,  and  these  serve  as  an  important 
>  reservoir  for  heat^  greatly  diminishing  the  **  dead  point  "  of  the 

*  TrnnmHimu  of  the  Fedf^mt«l  In*ittution  nf  Mitnnff  Enpinteri,  voL  xiL  pp.  408-506, 
t  AttM  %M  tUcn,  vol  nil  j,p.  B2^832,  with  tbr<»«  illQAtratiotu. 
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cimrge.  These  pillars  serve,  too,  to  protect  the  thin  walls  of  the  oven 
itself  by  talcing  off  the  weight  of  the  roof  and  iu  covering,  the  two 
together  having  a  thickness  of  from  39  to  47  inches.  This  thick  cover- 
ing acts  as  another  most  important  heat  reservoir.  So  important, 
iniieed,  is  this  heat  storage  that  it  quite  takes  the  place  of  and  renders 
unnecessary  any  special  arrangements  for  the  heating  of  the  air  required 
for  the  combustion  of  the  gas.  The  oven  is  thus  of  simpler  form  and 
consequently  less  costly  to  erect.  Thus,  while  an  Otto- Hoffmann  oven 
with  its  regenerativ^e  chamber  costs  £250,  one  on  the  Semet-Solvay 
system  costs  about  £210,  or  16  per  cent,  less.  The  author  proceeds, 
moreover,  to  show  that  even  if  the  two  ovens  cost  alike,  the  Seroet^ 
Solvay  one  would  be  relatively  over  31  per  cent,  the  cheaper  of  the  two, 
owing  to  iu  larger  annual  output.  Further,  these  latter  ovens  show 
an  extremely  high  boiler  evaporative  power  for  the  waste  gases,  a  bat- 
tery of  twenty-four  such  ovens  at  the  Phcenix  Works  evaporating  138 
tons  of  water  in  the  twenty- four  honrs,  this  again,  as  the  author  shows, 
being  a  very  great  saving  when  comparing  these  ovens  with  those  of 
the  Otto-HofTmann  type.  The  author  also  places  the  c(»st  of  a  con- 
denser plant  for  the  volatile  products  of  the  coking  at  £300  in  the  case 
of  a  Semet-Solvay  oven,  as  compared  with  £350  for  the  Otto-Hoffmann 
ovens.  Estimates  are  given  showing  the  cost  of  erection  and  returns 
obtainable  from  ovens  built  on  this  Semet  system. 

The  author's  statement  that  in  the  Semet-Solvay  coke-oven  a  charge 
of  from  4  to  5  tons  of  semi-bituminous  coal  could  be  coked  in  twenty- 
four  hours,  and  that  with  a  battery  of  twenty-four  such  ovens,  the  gases 
passing  from  them  would  suffice  to  heat  3265  square  feet  of  boiler 
surface,  is  doubted  by  the  Otto  Company.*  Tljey  consider  that  for  one 
of  their  ordinary  ovens^  without  condensation  of  the  by-products^  not 
more  than  108  square  feet  of  boiler-heating  surface  can  be  alloweti, 
even  when  bituminous  coal  ia  being  coked.  They  also  compare  their 
own  ovens  favourably  with  those  of  the  Semet-Solvay  type.f 

^^^  New  Forms  of  Coke-Oven.— Mr.  H.  Kennedy  I  has  designed  and 

B  erected  at  Coketon,  Pennsylvaiua,  a  self-discharging  form  of  coke-oven* 

H  The  oveu  proper  consists  of  a  cylindrical  frame  of  plate  steel  6  feet 

W  higli  by  12  feet  6  inches  in  diameter,  strengthened  and  stiffened  by  a 

f  a  by  6  inch  angle  iron,  and  made  sufficiently  strong  to  resist  all  ex- 

■  pansiou  of  the  brick- work  during  the  coking  process.    To  the  cylindrical 


Stahi  und  EUcn,  vol,  xii.  in.  87t*. 

1^  Iron  A[/ef  vol.  L  p.  b'lil 
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shell  are  securely  riveted  heavy  wrought-steel  brackets  inclosing  four 
steel  axles  bearing  directly  ou  waggon  wheels.  These  brackets  and 
wheels  are  braced  and  stiflfened  to  avoid  sagging.  This  oven  frame  is 
then  placed  on  wheels  and  lined  like  an  ordinary  beehive  oven.  It  has 
no  contact  with  the  foundation  except  through  the  wheels  to  the  rails, 
the  arch  resting  on  6  by  6  inch  angle  iron.  The  coke  is  not  cooled 
Inside  the  oven,  but  the  oven  is  pushed  bodily  forwarda,  and  the  hot 
coke  is  ejected  into  a  pit  in  fronfc  of  the  oven,  where  it  can  he  cooled 
fn  the  ordinary  way,  the  oven  itself  being  returned  to  its  former  posi- 
tion nncooled. 

In  the  Festner-Hoffmann  coke-oven  the  regenerative  chamber,  as  used 
in  the  Otto-Hoflraan  oven,  is  replaced  by  a  **  recuperator  "  system — a 
number  of  channels,  the  aides  of  which  are  heated  by  the  waste  pro- 
ducts of  combustion*  These  give  up  their  heat  in  this  manner  to  the 
incoming  air,  which  finally  attains  a  temperature  of  about  900**  C. 
The  cost  of  such  an  oven  is  about  X200,* 

An  illustration  is  given  +  of  a  coke  oven  with  enclosed  hearth  in- 
chned  so  that  the  coke  will  slide  out.  There  is  a  hydrauUc  feed,  and 
also  means  for  drawing  off  the  gases*  Air  enters  the  fuel  through 
narrow  openings  in  dwarf  walls  covered  with  iron  sheets,  by  means  of 
which  the  coke  is  prevented  from  attachment.  The  coke  is  drawn 
into  a  gridded  shoot,  in  whicli  a  supply  of  water  can  he  distributed,  so 
that  by  the  removal  of  a  door  the  coke  is  allowed  to  fall  into  trucks. 

Coking  under  Pressure. — In  a  paper  read  before  the  Berlin 
Society  of  Arts  an  account  is  given  by  Quagiio  J  of  the  various  methods 
that  have  been  adopted  for  the  coking  under  pressure  of  badly  coking 
coals.  After  referring  to  the  methods  in  use  for  the  collection  of  the 
by-products,  the  author  passes  to  the  various  experiments  which  were 
made  to  obtain  good  coke  from  coals  which  caked  to  a  slight  extent, 
by  breaking  the  coal  down  into  small  pieces  and  then  compressing  it 
before  submitting  it  to  tiie  coking  process  proper.  In  the  Schaumburg 
oven  this  was  done  by  stamping  the  coal  down  in  the  furnace  itself; 
in  the  Liirmann  oven,  by  ramming  in  fresh  coal  by  means  of  a  plunger 
and  hopper  placed  at  the  end  of  a  retort.  The  use  of  heavy  stones 
placed  as  weights  on  the  top  of  the  coal  during  the  coking  is  also 
inentione<l      The   stamping   method    was   developed   by   Ritter  von 

•  SlaM  u»d  JFitfTi,  vol  xii,  p.  827^  with  sheet  of  illu»trmtioD«» 
t  hidH^trif*^  vol.  xiiL  p.  32. 

*  Vtrhandhinffai  da  Vereins  zitr  Bt^fUrderutiff  det  GewerhjUifses,  1892,  pp.  14B-154. 
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Mertena  at  TrzynieU,  in  Aostriao  Silesia,  who  stamped  the  Mj 
divided  coal  into  sbeet-iron  receptacles,  and  then  charged  these  into 
the  coke-oven.  Baumgarten  improved  on  this,  and  the  modified 
method  he  introduced  is  still  in  use*  He  employs  a  sheet-iroa 
receptacle  of  the  same  dimensions  as  the  interior  of  the  cokeoTen, 
with  movable  sides  and  bottom.  The  coal  is  stamped  into  lliiit 
the  sides  are  swung  back,  and  the  bottom,  with  the  compressed  coil 
resting  on  it,  is  charged  into  the  oven,  the  metal  bottom  being  then 
withdrawn.  Other  modiBcations  of  this  method  are  also  descnbed, 
and  statistics  are  given  relating  to  the  number  of  auch  ovens  b  Qfte  l( 
various  works.  _ 


The  Utilisation  of  the  By-products  from  Coke-Ovens-B 

Leistikow,*  in  a  paper  read  at  the  meeting  of  German  Mining  Am- 
ciations  at  BreslaUj  sketches  historically  the  methods  that  have  ken 
proposed  or  adopted  for  the  collection  of  the  by-products  from 
tiie  coking  process,  and  then  describes  in  detail  the  Otto-Hofftniiiu 
oven  and  its  condenser-plant  The  first  authenticated  account  of  fto 
attempt  to  collect  such  by-products  is  in  connection  with  muffle 
furnaces  stated  to  have  been  in  use  at  Sulzbach,  near  Saarbruckeii,  in 
1768,  The  first  modern  form  of  oven  arranged  for  this  was  that 
of  Knab,  erected  in  1856  at  Commentry,  in  the  Allier  Department* 
France,  and  to  these  ovens  a  regular  eondenser-plant  was  attached 
Two  years  previously,  however,  fifty  ovens  of  the  Powels-Dubochrt 
type  had  been  erected  near  SaarbriLcken,  and  although  in  these 
there  was  no  actual  coiulensation,  yet  the  products  of  distilUlioa 
were  collected  and  burnt  below  the  ovens,  Carvfes  modified  the  Knab 
oven  by  heating  the  sides  as  well  as  the  base,  the  width  of  the  oT«tt 
being  at  the  same  time  greatly  reduced.  A  number  of  theae  oveni 
were  erected.  The  most  important  oven-system  is^  however,  th*l  of 
Otto,  with  the  Hofi^manu  modification.  These  are  of  the  modi6«<l 
Copp^e  type,  from  16  to  23  inches  in  diameter,  5  feet  2  inches  to  ^ 
feet  6  inches  in  height,  and  about  32  feet  6  inches  in  length.  To  am 
ordinary  oven  of  this  shape  HolTinann  added  a  Siemens  regenerativt? 
chamber  for  the  preheating  of  the  air  for  the  combustion  of  Uieg««t 
the  heating  of  the  gas  itself  being  now  considered  unnecessary.  B* 
air  in  this  regenerative  chamber  is  heated  to  a  temperature  of  ibottL 
1000''  C.  The  gaa  is  taken  off  through  the  roof  of  the  oven,  a  pon 
of  the  tar  and  ammonia  condensed,  the  gas  then  washed  with  w«i 


•  Siafil  vnd  Et^en,  t<»l.  x\l  pp.  818^826,  with  tbre«  pl«Wa 
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immoDia  Uqtior^  oooled^  and  finally  burnt  under  the  oveD.  With 
q^ATil  to  the  temperature  attained  by  ita  combustion,  using  the 
niphit#- pyrometer  of  Steinle  and  Hartnng,  controlled  by  metallic 
loys^it  WAS  found  that  the  temperature  in  the  channel  below  the  base 
%he  oven  varied  from  1200"  to  1400\  and  in  the  channels  at  the 
\nce  sides  from  1100'  to  1200".  In  the  regenerative  chamber  at 
m  commencement  of  the  heating  of  the  air  tlie  temperature  was 
OOO*,  and  at  the  end  of  the  operation  720\  In  the  atack  the  tem- 
erature  observed  was  420\  How  rapid  has  been  the  progress  which 
ovien  has  made  will  be  seen  from  the  following  table,  which  shows 
Dimiber  of  ovens  on  this  sjstem  in  use  in  the  years  mentioned  : — 

N'iirnluer«'f  Oveiu*. 
40 

.  .       210 

.        ,         ,       G05 

1205 

refer  to  Germany  alone.     The  cost  of  a  block  of  sixty 
'  tliese  ovens  provided  with  condensing-plant  is  about  £36,000,  the 
Ovens  without  the  condensers  costing  some  £15,000. 


\\—UQUID  FUEL, 

Petroleum  as  PueL— The  relative  value  of  petroleum  as  a  fuel  is 
*l*peiKlent  (1)  on  it^  market  price,  and  {2}  on  the  methnd  of  it^ 
utili&atioD.*  With  regard  to  the  former  of  these  it  may,  for  tlie  pur- 
poie  of  illustration,  be  compared  with  a  grade  of  coal  evaporating 
8  lbs.  of  water  from  afjd  at  212*  F.  per  lb.  of  coal.  Tlie  number  of  heat 
nnitf  utUiscd  would  be  DG6  x  8  =7728.  The  calorific  value  of  such 
leotl  being  about  14,000  heat  units  per  lb.  of  coal,  it  follows  tliat  the 
1^1  useful  effect  was  only  about  55 '2  per  cent.  A  ton  of  2000  lbs.  of 
iTich  coal  would  thus  evaporate  IG^OOO  lbs.  of  water,  the  cost  now 
^v%  about  three  dollars,  plus  the  wages  of  the  workmen  employed, 
iJid  this  latter  cost  may  for  the  moment  be  left  out  of  consideration* 
With  the  coal,  then^  it  costs  three  dollars  to  evaporate  10,OOU  lbs.  of 
nkr*  Taking  the  same  degree  of  efficiency  for  the  oil  as  for  the 
fiwl,  and  placing  the  calorific  value  of  the  oil  at  20^475  heat  units, 
^5i  per  ccntv  of  this  will  amount  to  11,303  units,  and  this  divided  by 
ilit  co-efficient  of  evaporisation,  966,  gives  the  number  of  lbs.  of  water 

♦  /ron  Agt,  vol  I  i»p.  102^103, 147-148. 
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which  will  be  evaporated  from  and  at  212*  =  117  lbs*  of  waUr  perl 
of  oil.  A  gallon  of  oil  of  the  specific  gravity  of  0*87  weighs  7*27 
and  costs  about  0*016  dollar.  Thus  the  cost  of  187'0  gallo 
approximately  equal  to  that  of  the  ton  of  coal,  and  187*5  gallons  i 
tiplied  by  7*27  lbs.  per  gallon  gives  1363-12p1  lbs.  Thia  number  : 
tiplied  by  11*7,  its  evaporative  value,  gives  15,948-56  lbs,  of  wawr 
evaporated  by  three  dollars*  worth  of  oil.  Oil,  therefore,  at  I  6  cent, 
per  gallon,  is  practically  equal  in  cost  to  coal  at  three  dollars  per  ton^ 
assuming,  that  is,  that  the  possible  useful  efficiency  of  the  oil  ai  i 
percentage  of  its  calorific  value  Is  no  greater  than  that  of  tlie  co4 
grate-fired  and  not  used  in  a  gasproducer.  The  incidental  eipeiiM* 
connected  with  the  combiution  of  the  two  fuels  are  then  considered!, 
taking  a  plant  of  lOliO  horse-power  at  ten  hours  per  day,  as  the  basis 
of  calculation.  In  the  case  of  coal,  18  J  tons  of  which  are  burut,  the 
incidental  expenses  amount  to  21  dollars,  or  incluiiing  the  cost  of  tli« 
coal  the  total  daily  expenditure  amounts  to  77*25  dollars.  In  the  ewe 
of  the  petroleum  this  total  expenditure  is  calculated  at  6040  doUan 
per  day,  or  a  saving  of  16*85  dollars,  as  compared  with  the  cost  of 
coaL  With  a  larger  plant  the  difference  would  be  still  more  in  favour 
of  the  oil. 

The  question  of  the  best  means  of  burning  petroleum  is  then  too* 
sidered.  In  the  various  burners  the  oil  is  usually  vaporised  by  a  iteam 
jet  or  compressed  air.  The  question,  however,  is  not  which  is  the  bwt 
burner,  but  which  is  the  best  form  of  furnace  in  which  to  contin"* 
and  complete  the  combustion.  Almost  any  burner  supplemented  by 
a  good  furnace  will  give  excellent  results.  In  the  first  place  the  autliot 
considers  the  placing  of  one  or  more  burners  in  the  tire-doors  of  an 
ordinary  boiler  front,  the  gi-ate  being  covered  with  fire-brick  or  some 
other  protective  material,  there  being  an  unliniited  air  admission  from 
the  ash  pit.  The  flame  is  usually  intensely  white  from  the  very  nozzle 
of  the  burner,  is  of  high  velocity,  and  impinges  directly  against  tb 
bottom  of  the  boiler  above  the  bridge  wall,  while  the  mass  of  inciiide*' 
cent  brickwork  in  the  boiler  setting  is  comparatively  very  amail 
though  highly  heated,  being  confined  almost  entirely  to  the  portion 
of  the  furnace  near  the  bridge  wall,  and  extending  but  a  very  short 
distance  beyond  tliis. 

Such  a  method  of  combustion  is  both  wasteful  and  inefficienti  wi 
leads  to  the  rapid  destruction  of  the  boiler,  besides  the  deleterioQS  eiW 
of  extreme  local  heat  upon  the  brickwork  of  the  furnace*  There  h 
almost  invariably  found  to  be  a  very  rapid  deposition  of  a 
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bonaceous  material  at  the  point  where  the  primary  combination  is  most 
intense,  and  this  deposit  frequently  forms  with  such  rapidity  as  to  neces- 
sitate its  frequent  removal,  in  order  to  admit  of  a  sulBcient  passage 
for  the  tlame.  Much  force  is  required  to  detach  this  deposit  from 
the  brickwork,  which  consequently  seems  to  become  detrimentally 
affected.  The  author  next  proceeds  to  consider  the  theoretical  questions 
connected  with  the  possible  temperature  obtainable  from  the  combustion 
of  petroleum.  Tlie  hydrogen  it  contains  amounts  to  about  13  per  cent, 
of  its  weight,  or  at  a  valne  for  hydrogen  of  G2,535  heat  units,  to  8130 
units  per  lb.  of  oil — a  quantity  practically  equal  to  the  loss  due  to  the 
carbonic  oxide  produced,  assuming,  that  is,  tfmt  tha  petroleum  when 
burnt  yields  as  the  products  of  combustion  water  and  carbonic  oxide. 
This  formation  of  carbonic  oxide,  if  the  gas  retnains  unburnt,  leads  to  the 
loss  of  41*89  per  cent,  of  the  total  heat  efficiency  of  the  oil  Added  to 
this,  there  is  the  loss  due  to  that  portion  of  the  petroleum  which 
escapes  combustion  altogether.  This  latter  source  of  loss  may,  under 
certain  circumstances,  become  extremely  large,  especially  if  the  air 
sypply  is  inadequate. 

The  author  concludes  his  consideration  of  this  subject  by  pointing 
out  that  in  boiler  Ering  those  burners  which  employ  steam  for  the  pro- 
duction of  the  blast  or  jet  are  more  convenient  and  economical  than 
those  in  which  an  air  jet  is  em|)loyed.  The  burner  should  give  a  spray 
of  very  6nely  divided  oil  intimately  mixed  with  the  steam.  It  should 
be  possible  to  ignite  this  jet  hy  the  use  of  a  lighted  match,  which  is 
impossible  if  the  velocity  is  too  great  or  the  mixture  not  a  thorough 
one.  The  burner,  too,  should  he  almost  noiseless.  The  method  and 
position  of  the  attachment  are  also  considered,  together  with  the  air- 
supply  and  the  use  of  regeneration. 

There  are,  according  to  Mr.  J.  M.  Wilson,*  three  ways  of  burning 
oil  as  fuel  now  in  use.  In  the  first  of  these  the  oil  is  converted 
into  gas  by  heating  it  in  retorts,  in  the  second  and  third  it  is 
atomis«d  by  jets  of  steam  and  air,  or  by  jets  of  air  only.  One  of  the 
processes  which  falls  under  the  latter  class  is  described  in  detail. 
In  this  system  the  oil  is  lifted  by  compressed  air  to  the  burners, 
where  it  is  met  and  sprayed  by  a  jet  of  air. 

In  a  paper  read  before  the  Engitieer*s  Club  of  Philadelphia,  Mr,  M. 
Livingstone  t  gave  the  results  of  some  experimental  tests  with  petro- 
leum as  a  ftiel  in  boiler  furnaces.     The  results  showed  that  for  equal 


•  Joiirtial  of  the  Frankliti  Inttiittttf  vol.  cxxxiv.  pp.  266-278. 
t  Irvn  Age^  vaL  jdix,  p.  498. 
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weights  the  petroleum  gave  60  per  cent  better  resolis  thaa  cok\  ik 
theoretical  difference  iti  favour  of  the  petroleum  being  only  45  per 

cent.     The  oil  was  sprayed  into  the  furnace. 

The  Composition   of   Petroleum, — Ozokerite    is  generally  M 
to   V>e  a  jesidue   (orme<l   by  tint  evaporation  of  the   oiL      H.  R«* 
and  S.  Beidtier,'^  in  connection  with  this  point  and  Zaloziecki'j  theory 
of  oil   formation   from   this   substance,   have   investigated   some  oil 
residues,  and  6ud  that  ozokerite  exisU  as  such  in  American  oik 

Tiie  sulphur  compounds  in  oil  have  been  investigated  by  H.  ICart 
and  C  Lagai.t  Sulphur  is  usually  present  in  amounts  from  0*13^  to 
1  '87  per  cent.  A  note  of  the  various  means  of  purification  is  given, 
and  the  results  obtained  on  this  subject  by  Messrs.  Mabery  and  Snutli 
are  discussed. 

Petroleum  in  Eastern  Europe, — In  the  course  of  some  ol«er 
vatiouson  petroleum  iu  Eiistt-rti  Euro|*e  imd  the  method  of  drilling  for 
it,  Mr.  A.  W,  Eastlake  I  gives  a  long  account  of  the  oil  induslrr 'jf 
Austro-Hungary,  including  a  good  deal  of  matter  not  mentioned  by 
Mr.  Boverton  Redwood  §  in  his  recent  paper.  The  development*  of 
the  industry  and  of  the  oil  territories  are  dealt  with,  and  a  full  account 
is  given  of  the  modified  Canadian  system  of  boring,  with  the  tool* 
employed.  Amongst  other  details,  the  logs  of  some  of  the  borings  *« 
given,  showing  the  time  and  progress  of  the  work,  the  nainre  of  the 
strata  passed  through,  and  the  operations  connected  with  the  lining. 


Naphtha  Industry  of  Baku,— In  a  lengthy  paper  on  the  coo- 
dition  of  the  naphtim  industry  in  the  Apscheron  peninsula,  A, 
Leprouxll  gives  an  account  of  the  history  of  the  developrociit 
of  Baku  from  the  tenth  century  to  the  present  day.  He  described 
the  geological  sLrueture  of  the  district  and  the  methods  of  boring 
for  oil.  Finally,  he  deals  with  the  subsequent  treatment  of  tlie 
naphtim,  and  gives  some  useful  details  on  the  utilisation  oftli^ 
residues  of  the  distillation  (inazmif)  for  the  manufacture  of  lubricat- 
ing   oils  and  for  heating  steam-boilers.      A  careful   consideration  w 

t  IbvL,  pp.  69-72. 

$  Transacliom  of  the  Federatfd  Ingtitvikm  o/Mininff  Enffinefn^  vol.  lit.  pp.  ^^' 
four  pljit««. 
§  Journal  of  the  Iron  and  Sieel  InHiinie,  1892,  No,  t,  p,  937« 
II  Anneda  det  Minet^  IHh  series,  vol  ii.  pp.  117-153,  with  pUte. 
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tlie  cost  of  pTHMiuctioii,  tnuisport,  and  taxes  leads  the  author  to  the 
concLuEion  tliat  the  industrial  conditioiis  of  Baku  are  unfavourable  for 
Russian  petroleum  in  the  struggle  with  its  competitors.  The  methods 
of  working  are  not  altogether  satisfactory^  the  naphtha  is  not  well 
received,  and  there  is  considerable  loss  due  to  overflow  and  evapora- 
tion. The  processes  of  refining  and  distillation  compare  unfavouraVily 
with  those  in  vogue  in  America,  Mfireover,  the  tenour  of  kerosene  in 
Russian  oils  rarely  exceeds  30  to  40  per  cent.,  whilst  certain  American 
naphthas  contain  as  much  as  80  per  cient.  Lastly,  the  geographical 
situation  of  Baku  is  altogether  unfavourable  for  a  European  export 
trade. 


I 


Petroleum  in  the  United  States. — Comparative  tests  of  Lima 
and  PenjiBvlvariia  petroleunis  have  been  made  at  a  steelworks  in  the 
Eastern  United  States,     They  showed  : — 


L 
2, 

5. 

auuwHi. 

Qftiojif- 

H»llfl  Pro. 

CirJlons  of  Otl 

l>«rr  Ton  of 

Ralla. 

t  Liiim       ,         .         .         .         . 
(  Peniwylviinia  .         .         ,         ^ 
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(  Penunylvnaiu 

1  Liina       .                 . 
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2948 
3a52 
2tl35 
3295 
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3345 
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2460 
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223 
224 
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14-8 
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17-2 
19-4 
Ub 
15 -0 
11-7 
154 
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The  Pennsylvania  oil,  it  will  be  seen,  gave  much  the  better  results. 
During  the  earlier  of  the  tests  the  results  were  worse  owing  to  the 
valves  allowing  oil  to  escape.*  The  large  extent  to  which  oil  is  being 
used  at  steelworks  in  the  United  States  is  indicated  by  tire  use  of 
5500  barrels  of  Lima  oil  per  day  at  the  Chicago  Rid  ling  Mill  of  the 
Illinois  Steel  Company. 

The  Mannington  oilfield  described  by  Mr.  L  C.  White  t  is  situated 
in  Marion  ami  Monongalia  counties,  West  Virginia,  on  the  Monon- 
gahela  River.  In  each  of  the  three  sections  noted  at  Mount  Morris, 
Mannington,  and  FairvieWj  the  oil*wells  pass  through  the  whole  thick- 
ness (1900  to  2000  feet)  of  the  Carbordferous  system,  from  the  Permian 

•  Amtrican  Manufacturer^  vol.  li.  p.  26. 

+  Btdfelin  of  tkt  Geological  Socittif  of  Amtriea^  vn\.  jii.  pj».  187  21 6,  with  ran p  and 
teetioitii. 
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Aeries  to  the  oil'Sand,  the  lowest  of  the  CjirhoQiferoiDi  itnUa.  Tli* 
paper  contains  also  a  history  of  the  development  of  the  anticlina)  ihion 
of  resen'oirs  of  oil  aud  uatural  gas,  and  of  its  successful  apphcation  to 
the  discovery  of  new  sites  for  oil-wells  in  the  Mannington  district. 

The  geology  of  the  Murrysville  and  Grapeville  natural  gas  and  oii 
fields  near  Pittsburgh  is  discussed  at  considerable  lengUi  by  Mr.! 
Cummins,* 


The  South  American  Oil-Fields,— Up  to  the  present  time  ail 
has  oidy  been  di^covertid,  in  Souih  America,  in  Columbia  and  Veoei' 
uela  on  the  nortb^  and  io  Chili»  Peru,  and  Venezuela  on  the  wiit, 
though  traces  are  said  to  have  been  found  in  Bolivia.  The  petroltMitn 
belt  can  be  traced  from  eastern  Canada  to  the  Uolf  of  Mexico^  throit|it 
the  West  Indian  Islands  to  South  America.  In  Cuba  and  Tri&idid 
pitch  is  found,  and  oil  has  beeu  worked  in  San  Domingo  and  fiarW 
dos.  In  Columbia  but  little  has  been  do?ie  to  develop  the  field*. 
The  most  widely  known  districts  are  those  of  Peru,  which  are  confiaed 
to  an  area  of  about  250  miles  from  north  to  south,  and  150  miles  wide. 
There  is  a  considerable  likeness  to  the  Pennsylvania  oil-field*  The 
oil  belt  appears  to  belong  to  the  Tertiary  formation,  and  the  first  iwd 
rock  is  met  at  about  130  feet  in  depth,  being  5  to  10  feet  in  thickneii 
Several  wells  have  been  sunk  at  Tumbes,  and  as  they  gi\*e  Urg* 
quantities  of  gas,  would  appear  not  to  have  reached  the  main  oil-Wi 
The  oil  is  rather  darker  than  that  of  Pennsylvania,  and  contains  lew 
volatile  matters,  probably  since  it  occurs  nearer  the  surface.  Deeper 
wells  have  been  sunk  at  Zorritos,  south  of  Tumbes,  Lignite  hw  been 
found  at  the  latter  place.  Some  endeavours  have  recently  been  mri( 
to  further  develop  the  resources.  The  greatest  difficulty  at  pnwct 
is  the  water  supply,  but  several  sources  might  be  made  available,  b 
December  last  a  well  was  driven  at  Tusillal  to  a  depth  of  820  fcel, 
when  the  drill  broke,  A  section  of  this  well  is  given,  t  Some  oiUn<J 
gas  had  been  struck,  and  the  bore  finished  in  promising  ground,  Ut 
B.  Redwood  has  reporte*!  on  the  oil  from  this  district,  and  states  tkit 
it  resembles  Baku  oil,  in  that  it  ts  practically  devoid  of  solid  h/di^ 
carbons. 

Petroleum  in  the  Argentine  Republic— According  to  Mr.  D- 

B.  HoskoldjJ  borings  to  ilie  depth  of  200  yards  in  the  pronnce  ot 

*  Ef^inefring  and  Minima  Journal^  vol.  liv.  pp.  106-107* 

t  Enginetrintj^  vol.  Uv,  pp.  475,  531-533,  wiiL  m»i*. 

X  Transa^ton*  of  the  Federated  InsUtulion  of  Minmif  Knffinetrt,  vol.  Hi  pi  427-^ 


FUEL. 

Mendoza  in  the  Argentine  Kepnblic  have  resulted  in  the  discovery  of 
petroleum,  %vhich  h  utilised  as  fuel  on  one  of  the  railways.  A  ij-iuch 
pipe  line  has  been  laid  for  a  distance  of  2l|  milea.  Bituminous  shale 
has  also  been  discovered  in  La  Rioja. 

PetroleuZKl  in  Ecuador— Though  possessing  the  smallest  territory, 
Ecuador  is  perhaps  the  richest  in  mineral  resources  of  any  of  the  South 
American  republics.  Mining  enterprise  has,  however,  been  practically 
stifled  by  legal  restrictions,  A  new  mining  code,  sanctioned  on  August 
15,  will  probably  exert  a  beneficial  intiuence  on  the  futtire  prosperity  of 
the  country.  According  to  Mr.  W.  H,  D.  Haggard,*  immediately  on 
the  passing  of  this  law,  a  syndicate  was  formed  for  taking  up  the  rich 
petroleum  district  of  St.  Helena,  on  tlie  coast,  north-west  of  Uuayaquih 
The  deposits  are  very  prolific,  the  geological  formation  being  the  same 
as  that  of  the  Peruvian  deposits*  The  oil  is  pronounced  to  be  of  ex- 
cellent quality,  and  in  view  of  the  advantages  offered  by  the  geo- 
graphical position  of  St.  Helena,  the  enterprise  may  in  time  assume 
,t  proportions. 


I 

I     grap 
^uprea 


Peruvian  Petroleiam.^L.  Weinstein  t  states  that  although  deposits 
of  petroleum  are  known  to  exist  along  the  Peruvian  coast,  only  in  one 
spot  has  it  been  worked  to  any  extents  This  place,  Zorritos,  is  io  the 
neighbourhood  of  Tumbes,  in  Northern  Peru,  and  the  author  has 
submitted  the  oil  obtained  there  to  a  careful  examination.  The  first 
borehole  was  put  down  in  1867.  Its  depth  was  146  feet,  and  the 
yield  was  about  sixty  casks  a  day*  A  second  borehole  was  less  pro- 
ductive. In  1H7G  a  well  was  sunk  to  a  depth  of  476  feet  At  thiii 
depth  oil-bearing  strata  were  struck,  the  oil  rising  to  a  heiglit  of  70 
feet  above  the  surface.  An  accident  happened  when  an  attempt  was 
made  to  pipe  the  well  Tiie  well  choked,  the  oil  stream  ceased,  and 
no  such  outflow  has  since  been  met  with.  About  forty  boreholes  have 
been  ]mt  down,  but  without  any  great  success.  They  are  all  com- 
paratively close  together.  Tiie  occurrence  of  petroleum  has  been 
observed  at  many  places  along  the  coast.  The  borings  have  shown 
only  sedimentary  rocks.  Bituminous  slate  and  bitumen  have  also  been 
discovered.  The  district  is  absolutely  wanting  in  fresh  water.  Salt 
springs  occur  in  many  places,  accompanied  by  a  blue  clay.  Much 
marsh  gas  escapes  from  these  springs. 

*  Ecports  /nun  Her  Majtatifi^  Repre^cntatitm  Abroad*     MiioeUAneooa  SetMs,  ld92. 
No.  262. 
t  Chemikir  ZtUuHif,  vol  xvi.  pfi.  79^-71^ 
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The  raw  petroleum  is  thin  fluid,  and  of  an  agreeablt)  aromatic  odutir. 
It  is  of  a  brown  colour,  with  green  reflected  light.  By  treatment  Trith 
sulphuric  acid  and  alkali  a  good  reddish  yellow  oil  is  obtained,  with  i 
bright  green  fluorescence.  The  density  varies  from  0*810  to  0*840.  Ix 
is  extremely  rich  in  readily  volatile  constituents,  and  resembles  in  thtf 
respect  Pennsylvania  petroleum.  The  analysis  of  the  oil  shows  ilk»^ 
contain — 

Carbon.  BjMrofvn.  Oxyir«tu 

84  D  13-7 


1-4 


The  percentages  of  nitrogen  and  stilphur  are  not  given.  Even  at 
temperature  of  80"  C.  no  solid  constituents  separate.  The  author  ^vm 
a  table  showing  the  character  of  the  products  obtained  at  differenl 
temperatures,  those  obtained  from  other  oils  being  also  mentioned  far 
the  sake  of  comparison.  The  Peruvian  petroleum  is  ahown  to  cloielj 
resemble  that  of  Alsace.  The  volatile  constituents  possess  an  a^re^ 
able  aromatic  smell,  further  purification  is  consequently  uumc»- 
sary,  and  they  would  be  of  great  use  as  solvents.  The  residues  woU 
be  converted  into  very  viscous  and  non-freessing  lubricating  oils.  Bf 
distillation  for  illuminating  oil,  kerosene  of  the  density  of  0*8^4  i» 
obtained,  and  this  has  the  f!ashing-potnt  9T  F.  The  total  output  of 
the  existing  active  wells,  some  twenty -eight  in  number,  has  probiblj 
in  recent  years  been  between  9000  and  10,000  tons,  bat  aocunti 
data  are  wanting. 


! 


Oil  in  Sumatra. — The  Colonial  Secretary  at  Singapore^  iu  i 
recent  report,  meiuions  a  new  oil-field  that  has  lately  become  ft^- 
ductive.  This  field  lies  in  the  northern  part  of  Sumatra,  ou  the  Stniu 
of  Malacca,  Several  concessions  over  some  320  square  miles  H»v« 
been  granted,  but  at  present  there  is  only  a  Dutch  company  at  writ 
producing  15^000  to  20^000  cases  per  month.  The  oil  is  of  good 
quality.* 


YL—NATUIiAZ  GAS, 

Natural  Gas  in  the  United  States,— Natural  gas  has 
struck  in  quantity  in  Wood  County,  Oliio»  a  well,   stated  to  bt  i 
the  capacity  of  1,000,000  cubic  feet,  having  been  sunk     ImporUnl 
discoveries  of  gas  have   also   been   made   near  Elizabeth,  and  s«*^ 

♦  JTi^iiietfrii^,  voj,  liv.  p.  4S3. 
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Kittaning,  Pennsylvania;  in  Westmoreland  County^  Pennsylvania; 
near  Jlount  Clemens,  Michigan  ;  at  the  L;mcaster  fields  in  North- 
Western  Ohio ;  near  Verona ;  at  WaLerford  ;  ai*d  at  Towanda,  Pennsyl- 
vania, A  well  yielding  a  million  cubic  feet  of  gas  per  day  has  been 
drilled  near  Binistown,  Tennessee;  and  the  most  important  strike 
of  gas  ever  made  at  any  well  in  Pennsylvania  was  met  with  on 
Augnst  2,  1892,  in  Allegheny  County.  Tlie  gaa  outflow  occurred 
when  the  Gantz  sand  was  struck  at  a  depth  of  1809  feet.  The  force 
of  the  outflowing  gas  broke  a  board  from  the  top  of  the  derrick  70 
feet  above  the  end  of  the  pipe,  and  when  only  partially  closed-in  the 
gas  gauge  indicated  a  pressure  of  700  lbs.  per  square  inch.  A  well 
with  a  rock-pressure  of  500  lbs.  has  also  been  brought  under  control 
near  Saltsburg,  Pennsylvania*  The  gaa  was  struck  at  a  depth  of 
2015  feet.  A  well  witli  a  rock-pressure  stated  to  reach  800  Ibs^  has 
been  sunk  near  Freeport  in  tlie  sarae  State,  Gas  has  also  been  met 
with  near  L'Anse,  Michigan ;  at  Toledo,  Ohio,  in  large  quantity 
in  the  red  shale,  and  at  a  depth  of  530  feet;  near  Tiffin,  Ohio; 
in  the  Washington  oil-field,  Pennsylvania;  and  in  Ricket  County, 
Tennessee.* 

The  Pinhook  Qas-Fleld. — ^A  new  gas-field  has  been  discovered  in 
the  neighbourhood  of  Pitlsburgli.  It  is  twenty  miles  in  length,  with 
an  estimated  width  of  four  miles.  The  gas  in  this  field,  which  is 
situate  fifteen  miles  from  the  town,  is  of  high  pressure,  in  some  cases 
indeed  so  great  that  it  has  proved  impossible  to  take  the  gauges  of 
the  wells,  t 

Natural  Gas  in  Utah. — Mn  J,  Wolfe  %  has  examined  the  neigb' 
bourhootl  uf  Salt  Lake  City,  Utah.  Natural  gas  is  found  at  a  distance 
of  twelve  miles  to  the  north  of  the  city,  and  at  the  time  of  Mr.  Wolfe's 
visit  there  was  flowing  from  two  wells  that  have  been  put  down  at  this 
spot  in  the  one  case  807,200,  and  in  the  other  4,901,700  cubic  feet  in 
twenty-four  hours,  the  outflow  in  the  latter  well  being  much  less  than 
it  might  be,  as  the  pipe  through  which  the  gas  escapes  is  of  small 
diameter.  The  quality  of  the  gas  is  good,  and  the  field  ii  likely  to 
prove  a  permanent  one. 

Testing  thi  Pressure  of  a  Gas-WelL — There  are  three  kinds 

*  Amerimn  Marwfm^tnrcr,  vol  li.  pp.  £i9,  157*  289.  371,  460,  503,  E>47»  591. 

t  Iron  AffCt  vol.  xlix.  p.  1226. 

+  Tfu  S<tlt  Lake  Timts,  July  15,  1892. 
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of  "  prcMure  **  obfierrecl  in  ga^i* wells.  The  ao-called  "  open-pre«stii«  " 
test  coDsisU  in  placing  an  |  inch  pipe  with  ui  elbow  in  the  inoulh  of 
a  flowing  well.  A  small  gauge  ta  placeJ  at  the  other  end  of  the  pipe, 
and  the  preamre  of  gsM  observed  ia  tenned  its  open-pressare.  Thii 
test  is  of  no  value  in  determining  Uie  value  of  a  gas-well,  which  csa 
only  be  aecertAined  by  finding  the  '* minute"  pressure.  This  u  done 
by  closing  a  flowing  Mell,  and  gauging  it  during  the  first  minute  after 
it  has  been  closed.  Tlie  **  rock  "  pressure  is  that  shown  by  the  well 
after  it  has  been  definitely  closed-in.* 


YU,—ABTIFTCIAL  GAS. 


Heat  Reactions  in  the  Producer.— A.  Naumannt  diacuweij 

formation  of  gas  in  the  producer  in  relation  to  the  conversion  of ' 
heat  produced  into  a  form  available  for  sub&i'quent  use.  In  the  pro- 
duction of  pure  water-gas  38,770  calories  are  absorbed  in  the  reaction 
between  carbon  and  water,  while  in  the  ordinary  producer,  worked  with 
air,  26,690  calories  are  produced  by  the  combustion  of  carbon.  This 
will  heat  the  gas  to  2\W  C,  assuming  its  specific  heat  to  be  constant^ 
and  may  be  utilised  if  the  gas  can  be  burnt  at  unce,  but  is  lost  if  the 
gas  h  stored.  There  are,  however,  two  means  of  making  use  of  this 
heat.  It  may  be  used  either  to  decompose  wat^r  or  to  decompose 
carbonic  anhydride.  By  introducing  the  right  amount  of  these 
agents,  all  the  available  heat  may  thus  be  utilised,  and  if  this  could 
be  completely  done  the  results  would  be  : — 


Per  Cent  by  Volu»«, 

nwnUquJd 
W«t«r  at  W  C. 

PmmQMsotii 

Water  At  16*  C. 

FromG«i1»Ble 
A&liyiind*. 

Prodaoer-gtia        .         .         .         ,         . 

WiiUjr-gM 

AdditioiuLl  carbon io  oxide  . 

65-63 
3445 

57-9 
421 

34t 

*  Amtrictin  ManufacturtTt  vol.  li.  p.  201. 
t  BiHckte  der  DeuUchen  Chemisehm  0€§tU§ehafi,  vol  xjtT.  pp,  fifiMW. 
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Hydrogen    . 
CarboaU  oxide 
Nitrogen 


Par  Cent*  1^  Votun*. 


Fttmi  Liquid 
Wtter  Rt  lb*  L\ 


17*2 

43*1 


From  Giuieont 
W»t«r  *it  15*  C, 


21  I 

40-9 
'M'O 


From  (*ftibonic 
Atihvdridci. 


57-1 
42-!> 


The  following  table  shows  the  number  of  calories  given  by  the  com- 
bustioiL  of  one  Htre  of  the  gas,  supposing  the  water  produced  to  be 
g&seous  at  15'  i'.,  and  also  the  calculated  temperature  of  the  flame  :— 


C&lori«ft. 

Producer-gfii 1044 

Carbonic  >inliy(lri«!«  prodticer-jfas      .         .         .         ,  1739 

Senn-WHtergits  fri»m  liquid  wnter  a*t  15*  C,       .         .  1602 

Semi'Wnter-gni  from  griieouft  wtifcer  Jit  15^^  C.    .  17B0 

Water-gas  ........  21«2 


Tempemturc, 

l>egr««»  C- 

1904 

2449 


2431 
2890 


I 


Dowson  gas  formed  by  blowiug  steam  into  a  producer  is  a  form  of 
semi- water-gas,  whilst  the  carbonic  anhydride  water-gas  is  represented 
by  the  system  adopted  in  one  form  of  the  Siemens  producer,  where  both 
steam  and  a  portion  of  the  products  of  combustion  from  the  furnace  is 
passed  through  the  incandescent  fuel  In  the  above  calculations  only 
carbon  is  dealt  with,  but  the  considerations  can  be  applied  to  fuels  con- 
taining carbon  and  hydrogen. 


Oil-Gas. — ^ome  researches  have  been  made  by  Professor  V,  B. 
Lewes  *  on  the  production  of  oil-gas  from  Russian  petroleum.  The  oil 
used  was  **  distillate  oil  "  of  a  specific  gravity  of  0^864.  The  distilla- 
tion waa  carried  on  at  different  temperatures,  the  volume  of  gas  increas- 
ing largely  with  the  temperature.  The  effect  of  the  size  of  the  retort 
is  also  shown  to  be  considerable.  The  nature  of  the  distillation  pro- 
ducts is  discussed. 

Fuel-Gas,^Tbe  employment  of  semi- water-gas  under  ordinary  con- 
ditions is  advocated  by  Mr.  A.  Kitson  f  in  the  course  of  a  discussion 
on  the  relative  values  of  this  and  other  artificial  gas.  From  one  ton 
of  anthracite   150,000  to   160,000  cubic  feet  of  this  gas  should  be 

•  Joutftal  oftbf  Societp  of  Chemical  laditttry^  vol.  id.  pp.  584-590. 
t  Journal  of  the  Franklin  Jnttitute^  voL  cxxxii.  pp.  434-44S. 
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obtained,  averaging  165  heat  units  per  foot,  and  contaming  83  per 
of  the  original  heat  energy.  With  coal  at  12s.  per  ton  the  cost  may 
be  taken  as  about  2^d,  per  100  cabic  feet.  Large  pipes  may  as  well 
be  used  as  small  ones  when  newly  laid,  so  that  the  extra  volume  over 
water-gas  is  not  of  mucli  moment,  and  the  gas  will  burn  readily  enough* 
especially  if  it  is  pre-heated.  The  i^roduction  is  simple,  and  the  gas 
can  be  made  on  a  small  scale.  The  author  has  devised  a  small  appft* 
ratus  for  the  production  of  1500  cubic  feet  of  gas  per  hour,  which  has 
been  in  use  for  some  time  to  supply  a  gas  engine.  A  description  of 
this  plant  is  given. 

Professor  K,  Akerman'a  exhaustive  paper  on  gaseous  fuel  *  has  been 
translated  into  German  by  H,  von  Jiiptner^t  wlio  has  detected  an  error 
in  the  calculations  in  the  Swedish  origin  al^  and  the  re -calculations  this 
has  given  nso  to,  have  induced  him  to  puldish  the  translation.  The 
translation  covers  121  pages,  and  is  accompanied  by  twelve  large  fold- 
ing tables  of  figures.  The  subject  is  treated  under  tlie  following  heads : 
Influence  of  temperature  on  the  specific  heat  of  carbonic  anhydride  and 
steam.  Production  of  gaji,  (1)  from  wood  or  sawdust,  (2)  from  peat^ 
(3)  from  bituminous  coal.  Comparative  observations  of  the  progress 
of  gas  production  from  various  fuels.  Conditions  of  heat  in  the  produc- 
tion of  gas.  Methods  of  effecting  the  calculations.  Comparisons  of 
the  distribution  of  heat  in  the  production  of  gas  from  various  fuels. 
Calculation  of  the  amount  of  heat  lost  through  the  walls  of  the  pro- 
ducer by  radiation  and  conduction.  Influence  of  the  rate  of  charging 
on  the  quality  of  the  gases.  Pyroraetric  heat  of  the  gases.  The  rela- 
tive  gas-producing  values  of  various  fuels.  Gas-producers,  drawings 
of  the  gas-producers  employed  in  the  investigation  being  appended. 
The  condensation  of  water  and  tar,  Calculation  of  the  water  con- 
densed. Calculation  of  the  time  occupied  by  the  gases  in  the  actual 
condensing  area.  Calculation  of  the  amounts  of  heat  absorbed  by  the 
cooling  water.  Calcidation  of  the  amounts  of  heat  yielded  by  the  gases 
in  their  cooling  to  0*,  aa  well  as  in  the  cooling  effected  by  the  con- 
densers. Comparative  considerations  of  condensers  and  their  efficacy. 
Comparisons  of  the  amounts  of  heat  yielded  by  the  gases  and  those 
absorbed  by  the  cooling  water.  Considerations  of  the  extent  of  the 
action  of  condensers.  The  most  important  conditions  on  which  the 
eflicacy  of  condensers  depends.  Lastly,  the  conditions  under  which 
condensation  should  be  employed. 


*  Jrrnkontn-fiJf  An7ifthi\  vol.  xlvi.  pp.  321-4^2. 
+  Berff-  urtd  MUUenmmnitchti  Jakrbuch  4er  k,k,  Bcritaiademient  voL  xL  pp.  81-20(3. 
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The  folding  tables  illustrating  the  text  are  as  follows :  L  Data 
relatiDg  to  gas-producers  employing  wood  or  sawdust.  2.  Weight  and 
composition  of  various  kinds  of  wood  and  sawdust.  3,  Results  obtained 
with  gas-producers  in  which  peat  is  employed  alone  or  in  admixture 
with  wood  and  bitwminous  coal.  4,  Weight  and  composition  of  various 
kinds  of  peat.  5.  Weight  and  cotnposition  of  various  coals.  6.  Re- 
sults of  several  experiments  on  the  dry  distillation  of  peat  on  a  large 
scale.  7.  Yield  of  tar  from  gas-producers.  8.  Eesults  obtained  with 
gas-producers  employing  bituminous  coal  9,  Composition  of  fuels 
and  of  the  gaseous  products  of  combustion  obtained  from  them. 
10.  Production  of  gas  from  various  fuels.  IL  Distribution  of  beat  in 
the  production  of  gas  from  100  kilogrammes  uf  fuel.  12.  Results 
obtained  with  various  condensers. 

The  illustrations  elucidating  tfie  text  include  drawings,  to  the  scale 
of  6  feet  to  the  inch,  of  the  gas-prodncers  of  Damnarfvet,  Falun,  Bofors, 
Btjxholm,  Lotorp,  Munkfors,  and  Kolsva. 

Analyses  of  Producer  Gas. — n.  Akerman  *  gives  the  following 

analyses  of  producer-gas  obtained  from  the  substances  mentioned,  the 
percentages  being  given  by  weight: — 


From  Wood. 


Krotii 


Prum  Vmi. 


FrtHii  Co»l. 


CO. 

nr> 

laJ 

121 

CO, 

2H  4 

2«1 

27  2 

C.JU 

ire* 

o:^ 

0  1 

CH, 

2I» 

2  3 

27 

H.., 

05 

0-8 

01* 

N,. 

ToUklB 

561 

aH'A 

n67 

.  ,       1000 

100^ 

KNI1J 

;-rG  t( 

nii      1 

tin      M 

320 

0-2  „ 

07 

1-9,; 

31        1 

0-fi  ,. 

0'« 

t30*0  ,, 

621 

. 

The  coal  used  in  the  producers  contained — 


carbon 

Hydrogen 

Oxygen 

NitroKen 

Sulphur 

Aik 


Per  Cent, 
1187  to  771 
47  M    oM 
88  „  11!» 
11  „    1-3 

0-4 
4  0  to    7'5 


AVater  ..,..,  21  ,,    7'*» 

Tile  author  considers  t  that  tiie  rate  at  which  the  producers  may  be 


•  Berff-  vttd  Hiitt^nm(inHUche$  Jahrbuch  dtr  L  L  Bcrgakadftnieti^  vol.  xl.  pp.  94, 
101,  IOC,  114, 116.  t  Ibid,,  pp.  152-L55. 
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driven  depends  rather  on  physical  than  on  chemical  conditions.  Rapid 
working  can  be  employed  with  advantage  as  long  aa  there  is  a  sufficient 
balance  of  residual  heat  to  cause  the  formation  of  carbonic  oiwlf, 
for  which  purpose  a  considerable  amount  of  heat  is  required  Witb 
regard  to  the  percetitage  of  water  that  can  safely  be  present  iu  w«)odtfl 
be  utilised  in  the  producer  without  lowering  the  heat  of  the  g4i pro- 
duced, this  cannot  well  be  permitted  to  exceed  26  or  27  per  cent  If 
it  exceeds  this  the  gas  temperature  will  iioi  be  more  than  from  70' V» 
85', 


An  Improved  ProducerGas  System— In  the  system  a- 
by  the  Chicago  Heat  Storage  Company  a  boiler-plant  of  100  horse- 
power or  less  requires  the  service  of  but  one  man.  The  prodiicett 
employed  are  of  the  shaft  type  with  air-jacketing.  The  gas  is  Uken 
direct  to  boiler  furnaces.  The  producer  grates  are  of  novel  fornJ| 
consisting  of  sloping  fixed  side-bars,  and  a  movable  horizontal  grat*  in 
the  middle.  The  fuel  forms  a  bed  of  at  least  4  feet  in  thickncs?.  A 
mixed  steam  and  air  jet  is  employed.  A  regenerator  system  is  also  used 
in  cotinection  with  the  combustion  of  the  gas  in  the  boiler  furnaeen* 

New  Forms  of  Gas  Furnaces. — Drawings  are  published  of 
various  forms  of  furnaces  adapted  for  the  combustion  of  the  Looiais 
producer-gas.  These  furnaces  have  been  erected  at  the  works  of  the 
American  Tube  and  Iron  Company  of  Middletown,  Pennsylvania,  m*1 
the  drawings  published  include  a  forge,  reheating  furnace,  billet  h^**- 
ing  furnace,  and  a  double- hearth  puddling  furnace.  In  each  of  the« 
furnaces  the  main  points  lie  in  the  arrangements  for  the  tnttcutc 
admixture  of  air  and  gas,  supplied  at  an  even  pressure,  before  tiieir 
entrance  into  the  furuace ;  the  burning  of  the  gas  in  the  apparatus 
where  the  work  is  to  be  performed  ]  and  the  utilisation  of  the  va»i« 
heat  in  pre-heating  the  air  to  be  used  for  the  combustion  of  tw 
producer-gas,     Tlie  furnaces  are  mostly  circular  in  shape.! 

Sheel'S  GaS*Producer.— Mr.  J.  W.  Sheel  J  describes  hisprcKiuotf 

as  consisting  of  a  wronght-iron  Ijrick-lined  casing,  into  which,  Bwr 
the  bottom,  is  built  an  annular  cast-iron  blast-box  fumished  with  » 
loose  grate.    The  fuel  is  charged  through  a  bell  and  hopper,  and  tft* 

*  Iron  Age^  vol.  xlbt,  pp.  760-702,  five  illttatmtionju 
t  Ihid.f  YoL  xlU.  p.  24ft»  eight  illu»tr;itioii8. 

X  FriKeediu'j*  of  the  Smith  Stofoi-dnhire  InHiiate  0/ Iron  and  SUd  W^trh  Mmf'^ 
1891. 
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incandescent  bed  rests  partly  on  the  blast-box  and  partly  on  the  grate, 
which  can  be  lowered  to  release  clinker.  The  air  ia  blown  in  by  a 
B  team -injector. 

The  Use  of  Gaseous  Fuel.— In  lii.^  presidential  address  to  the 
Society  of  Chemical  Industry,  Professor  J.  E.  Reynolds*  discusses  the 
modern  developn^ents  in  regard  to  fuels  and  their  nsea^  especial  atten- 
tion being  paid  to  coal,  peat,  and  petrcdeum.  The  present  production 
of  coal  is  485,000,000  tons,  of  which  the  United  Kingdom  contributes 
182,000^000  tons  anuually,  and  at  this  rate  the  era  of  dear  coal  cannot 
be  far  distant.  Some  advances  in  economy  have  been  made,  such  as 
in  the  use  of  the  gas-producer,  especially  when  making  water-gas.  It 
has  been  proposed  to  make  two  qualities  of  gas,  one  for  heating  and 
one  for  lighting  purposes,  but  this  seems  to  be  impracticable  for  general 
adoption.  Another  plan  is  to  make  gas  of  low  ilhiminating  power,  and 
to  enrich  it  at  the  point  of  consumption,  but  the  true  solution  will  be 
found  in  a  compromise  between  the  various  systems*  Tiie  utilisation 
of  peat  is  of  special  interest  to  Ireland,  In  its  natural  state  it  is 
difficult  to  use,  but  attempts  have  been  made  with  partial  success  to 
comprise  it,  and  also  to  partially  carbonise  it,  bnt  the  cost  of  the 
preparation  is  large  in  spite  of  many  statements  that  have  been  made. 
There  is  more  prospect  of  success  if  the  peat  is  gasified^  and  the  author 
haa  devoted  some  attention  to  the  use  of  the  Siemens  producer  for  this 
purpose.  As  an  outcome  of  this,  a  regenerative  gas  furnace  for  work- 
ing up  scrap  iron  at  the  engine- works  at  Inchicore  has  been  erected. 
The  furnace  was  supphed  with  peat  containing  38  to  40  per  cent,  of 
water,  and  no  difficulty  was  found  in  maintaining  the  requisite  tem- 
pera tura  It  has  been  proposed  to  gasify  the  peat  at  the  centre  of 
production,  and  to  convey  the  gas  by  pipe  lines,  and  the  suggestion 
seems  feasible.  Petroleum,  weight  for  weight,  is  more  efficient  than 
coal,  but  the  cluef  reason  why  it  is  so  valuable  is  the  ease  with  which 
it  can  be  gasified.  The  rise  and  progress  of  the  petroleum  industry 
axe  described,  and  figures  are  given  to  show  the  advantages  of  using 
this  fuel.  It  thus  becomes  evident  that  if  a  fuel  is  to  be  used  economi- 
cally and  conveniently,  it  must  be  completely  or  partially  gasified. 
Petroleum  lends  itself  most  easily  to  this  treatment,  in  addition  to 
which  it  may  be  used  in  conjunction  with  gas  made  from  coal  or  peatw 


*  Journal  of  tht  Society  of  Oheffucal  Industrp,  vol  xl  pp.  571-577. 
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Shaft  -  Sinking  in  Quicksand.— A  description  Iias  baea 

lished*  of  some  of  the  new  8baft  sinkings  in  the  North  of  Frmnoe. 
first  of  these  is  the  No.  10  pit  of  the  Lens  CoUiery,  where  the  Po 
system  is  in  operation.  The  toughness  of  the  stone  below  t!ie  up 
fissured  chalk  is  about  that  of  gypsum.  Small  powder  charges  i 
being  used,  and  the  rate  of  progress  was  about  3  feet  per  day.  Eiei 
light  is  used  in  the  shaft.  At  the  Lit?veu  Colliery,  one  shaft  has  recett 
been  sunk,  and  another  is  being  put  down,  on  the  Chauiirou  syste 
A  modified  form  of  tubbing  has  been  employed,  the  moss-box  being 
dispensed  with,  and  its  place  being  taken  by  a  broad  flange  on  the 
bottom  ring  and  concrete  filling* 

Near  Nuneaton  two  shafts  are  being  sunk  under  considerable  < 
culties  as  regards  water     Evans  pumps  have  been  installed,  and  t 
sinkings  are  proceeding.     A  description  of  the  method  of  slinging  ttu! 
pumps  and  of  the  work  at  the  shafts  has  recently  been  given,  t 

A  process  for  dealing  with  quicksands  has  been  devised  by  Ml 
L.  Harris,!  and  consists  in  solidifying  or  forming  partitions  in  tho  siind 
by  means  of  cement,  which  is  itijected  with  the  aid  of  water  Pipei 
are  sunk  to  the  desired  level,  and  a  current  of  water  is  forced  doi 
one  or  more  of  the  pipes,  whence  it  flows  to  and  up  the  others,  then 
washing  out  a  channel  in  its  line  of  flow.  By  repeating  this  open 
chambers  are  formed  in  tlie  running  ground,  and  the^e  chant  hers 
then  filled  with  cement  grout  under  pressure.  In  this  way  a  floor  cin 
be  formed  between  the  pipes,  and  also  vertical  walls,  besides  which  lli« 
grout  penetrates  and  solidifies  the  surrounding  material.  This  pn 
has  been  carried  out  with  considerable  success  in  building  a  large  s«fl 
through  quicksand,  and  there  appears  to  be  an  extensive  field  for  I 
application  of  the  methoii 

The  Haase  and  the  Haeuser  systems  of  sinking  shafts  in  verji 
ground  are  described  by  M.  Herold,  §     The^e  have  been  employed  i 
the  Zwickau  lignite  mine?.     Here  there  are  two  thick  seams  of  ligoil 
above  which  lies  a  thickness  of  from  40  to  50  yards  of  alternating  1 
of  clay  and  sand.     After  sinking  in  the  ordinary  manner  to  a  depth  I 

•  The  En^rinfcr,  vol.  Ixiiii.  pp.  112-144.  f  /TnU.  p,  *?a 

t  Engineering  Kcwm,  New  York.  vol.  xxvit,  pp.  42(^421,  with  illuvintionK 

§  Jahrbftch  fUr  das BrTif  -nnd  Iliiltrnwfjfen  im  Konujreiche  Sa*;h4Kn  a«/d<M/aArl^ 

tiuougb  the  Oesterrtichieche  ^ett^rhrifi /ur  Ber^  'und  BHUenKtsen^  vol  xl  p  A1 

iUu«trt»tio£i8. 
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nearly  28  teet,  a  rapid  increase  in  the  water  to  be  pumped  was  encoun- 
tered, and  this  increased  to  suck  an  extent  that  Anally,  at  a  depth  of 
44  feet,  another  method  of  shaft-sinking  became  necessary.  It  was, 
therefore,  decided  to  adopt  the  Haaae  pipe  system.  The  Haasa  4-yard 
pipes  were  consequently  put  down,  and  an  attempt  was  then  made  to 
continue  the  sinking  inside  this  system  of  pipes*,  but  the  inflow  of  water 
was  too  great.  An  additional  6  feet  of  pijie  was  then  lowered  ht-low 
the  main  system,  but  this  proved  of  no  avail.  The  engineer  in  charge, 
Mr.  Haeuser,  then  decided  to  adopt  another  method.  This  consists  in 
employing  currugatt'd  plates  of  sizes  varying  with  the  dimensions  of  the 
shaft  to  be  sunk.  The  main  system  of  plates  put  down,  like  the  pipes  in 
the  Herold  method,  is  6  feet  G  inches  in  depth,  a  second  length  of  3  feet 
3  inches  being  inserted  below  the  main  system.  The  corrugations  of 
these  plates  slide  into  each  other,  and  the  connection  can  be  made  with 
ease  and  completeness.  When  putting  these  sheets  down,  water-pipes 
were  placed  inside  the  corrugations,  much  as  these  are  used  in  the  other 
system  referred  to.  Using  this  method,  the  shaft  was  soon  sunk  to  the 
required  depth. 

SiakiBg  a  Deep  Shaft  at  Witkowitz.— M.  Jicinsky  *  describes 
the  sinking  of  a  shaft  at  tlie  Kotlisehild  collieries  at  Witkowitz. 
Tiiis  shaft  has  been  sunk  at  a  distance  of  over  2000  yards  from  the 
nearest  existing  shaft,  thus  giving  1000  yar<i8  on  either  side  to  be 
served  by  this  one  shaft.  It  is  in  reality  a  double  shaft,  each  shaft 
being  circular  in  form.  Iron  tubbing  has  been  employed*  The 
winding-shaft  has  an  internal  diameter  of  16  feet  3  inches,  and  the 
npcast  shaft,  45  feet  away,  an  internal  diameter  of  13  feet. 

Winding  by  Water-Balance. — The  plant  that  has  been  inntalltid 
at  the  Yuis'Merthyr  Cuiliery  fi*r  winding  by  the  aid  of  a  water-balance 
is  described  by  Mr.  M.  W,  Davies.t  Considerable  developments  have 
recently  taken  place  at  this  colliery,  where  the  major  portion  of  the 
coalfield  is  separated  from  the  old  workings  by  a  downthrow  fault  of 
40  yards.  Sufficiejit  water  comes  from  the  old  workings  to  furnish 
power  for  winding  from  the  lower  part  of  the  eeam^  so  it  is  dammed 
back  and  conveyed  to  the  pit  head  by  a  6 -inch  pipe,  and  there  em- 


*  0€Kt€t'rtichUch€  Ziit^chrijt  fUr  Berg  -und  MUUaiW€$cny  vol.  xl  pp.  20l-*i04,  with 
UlustrRtiouB. 

t  TraiimUicnBX^S  iht  Ftdtf^xi^  In^tUuiUm  of  Mining  EtiQinctr»,  vol.  iii.  |ip.  7J'>-7-IIS 
oim  pliite. 


ployed  for  filling  balaoce-tanki  under  the  cage*.  An  endless  winding* 
rope  la  used.  It  passes  over  a  large  pulley  on  the  bead-gear,  and  it 
was  onginally  intended  to  make  this  pulley  so  large  that  the  ropes  wouW 
have  to  be  brought  into  the  usual  lines  of  the  cages  by  guide- pulleys 
ii)  order  to  obtain  a  good  grip  on  this  pulley.  This  plan  was,  howierer, 
not  adopted,  as  a  pulley  large  enough  could  not  be  readily  obUine<i. 
At  the  bottom  the  rope  passes  round  a  ti>nsion  pulley.  Suffldeat 
water  is  admitte4i  to  valve  tanks  under  the  cages  to  raise  the  cosltf 
average  of  24  cwt  being  required.  The  depth  of  the  shaft  is  25  jsnb, 
and  the  appliances  are  estimated  as  equal  to  landing  400  to  500  tons 
daily. 

Inelinas  or  Shafts  for  Coal-Mining.— Mn  W/ Duncan  ♦  discow 
the  udvaDtages  of  incliiiLs  or  siopfs  over  shafts  for  the  purpose  of 
mining  coal.  As  the  advantages  of  slopes  the  following  point*  «e 
njontioued : — smaller  cost  of  opening ;  less  height  to  lift  coal  »ii*i 
water  J  one  pair  of  engilies  only  required  instead  of  two;  less  liability 
to  wreckage  ;  coal  may  be  worked  sooner,  and  can  be  more  rewiilj 
taken  out ;  less  water  to  be  raised,  as  the  old  workings  may  fill ;  M 
greater  rapidity  of  opening  up. 


^^1^ 


Devices  for  Preventing  Overwinding.— A,  Kasf  ohservet 

of  the  hundred  and  one  cases  in  which  the  windiiig-rope  or  chsin  broke 
in  the  kingdom  of  Saxony  between  the  years  1884-1891,  it  was  prowd 
that  no  less  than  twenty  were  due  to  overwinding.  In  consequencs 
it  was  ordered  in  1890  that  at  those  Saxon  mines  where  men  are  con- 
tinually being  hoisted  or  lowered  in  cages,  some  safety  device  sHooH 
be  introduced  by  which,  in  case  of  overwinding,  the  steam  would  bt 
automaticalty  shut  off  and  the  cage  brought  to  a  standslilL  Automsiic 
signals  were  also  suggested,  and  the  author  describes  two  newly-deYi3«l 
mechanical  arrangements  for  throwing  the  engine  out  of  gear  in  c«s« 
of  overwinding,  steam  being  shut  off  and  the  break  applied, 

I    Winding  at  the  Maries  Collieries.— M.  J.  Doury  |  states  t 
the  arrangements  at  one  of  the  shafts  at  these  collieries  have  recend 
been  modified,  in  view  of  the  necessity  wbich  arose  to  meet  an  inereaw 


Paper  rend  iMsfore  the  Wfftem  PenriBylTmnift  Himng  Ina^tuis,  Piltibitrgt, 
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output.  The  wooden  guides  were  replaced  by  iron  ones,  and  the  flat 
(aloe)  cabla  by  an  endless  one,  on  the  Koepe  aystein,  as  modified  by 
Mot  Using  this  with  constant  velocity,  this  velocity  may  he  main- 
tained  at  an  exceedingly  high  maximum.  The  moditication  of  the 
Kcepe  system  that  has  been  adopted  consists  in  doubling  the  haulage 
cable,  and  also  the  tail-end  of  the  cable.  Each  of  the  two  haulage 
cables  h  in  itself  sufficient  to  support  the  cage,  so  that  a  high  degree  of 
safety  is  attained.  The  description  is  accompanied  by  illuatrationa 
showing  the  arrangementa  adopted. 


Safety-Cage  for  Mineg.— Mr.  J.  Whitelaw*  describes  a  safety- 
cage  for  mines.  Tiie  cage  is  suspended  by  ro^is  attached  at  their  upper 
ends  to  a  safety-hook  or  disengaging  device  on  the  end  of  the  winding- 
rope,  and  at  their  lower  ends  to  pivoted  levers  on  each  siiJe  of  the  cage. 
In  case  of  breakage,  blade-springs  draw  up  the  inner  ends  of  these 
leTera,  which  are  formed  with  teeth  adajited  to  bite  into  the  guides. 
Two  cages  of  this  form  have  been  under  the  author's  charge  for  several 
years. 


I 
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Win  ding' Engines. — A  tv^o-page  plate  of  the  winding-engiuBs 
built  for  tlie  East  El  hot  pit  of  the  Poweli-DtitFryn  Colliery  is  given  in 
£n^7iie7ing,i  together  with  some  detail  drawings.  The  engines  are 
designed  to  raise  1400  tons  per  ilay.  The  cylinders  are  42  inches  in 
diameter  by  6  feet  stroke.  The  drum  is  24  feet  in  diameter,  and  it 
carries  9  tons  4  cwt.  of  rope  ;  two  cages  wiih  their  chains,  5  tons  4  cwt. ; 
tubs,  \9  ewt, ;  and  coal,  2i  tons  per  lift.  The  engines  are  of  the  simple 
type,  having  valves  worked  by  a  rocking  lever  and  governor  trip  gear 
cut- off.  Allan  straight-! mk  reversing- gear  is  applied  and  a  steam 
brake. 

Underground  Eope-Haulage, — Yery  full  details  are  given  of  the 
underground  haulage  by  endless  rope  at  the  Ansley  Hall  Colliery  by 
Mr.  W.  ih  Philips.!  The  pits  are  sunk  to  a  depth  of  168  yards,  inter- 
secting the  Elder  coal  at  a  depth  of  68  yards.  From  the  bottom  of 
the  shaft  an  incline  is  driven  to  the  deep,  cutting  the  Rider  coal  at 
325  yards  from  the  pit  bottom,  where  the  measures  lie  at  25",     To 

•  Traiuaetumt  of  the  Federated  Institution  of  Mining  JSns;%neent  vol  iil  pp.  728-734, 
on€  pl»te. 
t  Vol  liv.  pp.  414  and  478. 
t  TranMctiom  of  tke  Federated  InstiiMtion  of  Mining  Sngitkeert,  vol  ilL  i^p.  947-854, 


reduce  th«  gradient,  an  incline  to  open  out  the  deep 
been  driven  to  the  side  of  the  dip  and  the  levels  driven  out  frc 
the  bottom.  This  incline  is  480  yards  long.  The  seam  is  wori 
on  the  longwall  system.  Haulage  is  done  by  an  endless  rope,  drim" 
from  engines  at  the  surface  at  2  to  2J  miles  per  hour.  An  8-foot 
C  driving  pulley  with  movable  rim  is  useii.  Steel  rollers  everf 
15  yards  keep  the  rope  off  the  ground,  and  at  a  heavy  con^e  si 
the  head  of  the  incline  vertical  steel  rollers  are  placed  21  inches  from 
centre  to  centre.  Plates  instead  of  points  are  used  at  the  junctions. 
The  clip^  which  has  been  in  use  for  live  years,  consists  of  two  si^Ie 
plates,  fulcrumed  uu  a  bolt,  and  caused  to  grip  the  rope  by  means 
of  a  wedge-ended  lever  pivoted  between  them.  Steel  flange  rails  of 
30  lbs>  to  the  yard  are  used.  The  tubs  carry  8cwt,  and  480  tons  ii» 
hauled  in  8J  hours.  Tiie  haulage-rope  works  a  pump  at  the  bottom 
of  the  incline.  Drawings  are  given  to  show  the  general  arrangen 
of  the  plant  and  its  details. 

The  haulage  at  a  thin  seam  colliery  in  West  Yorkshire  is  descnb 
with  tlie  aid  of  a  plan  by  Mr,  J.  Nevin.*  The  seam  averages  28  inch 
in  thickness.  The  trucks  weigh  2  cwt.  and  hold  5  cwt.,  and  run  on  a  1 
with  a  gauge  of  23  inches.  There  are  two  drawing-pits,  with  an  out] 
of  400  tons  to  475  tons  daily.  Steam  at  50  lbs.  pressure  is  taken  doirn 
the  shafts  to  four  engines,  and  full  details  are  given  of  the  vanous  incline^ 
worked.  The  average  dip  of  the  seam  is  2 J  inches  per  yard,  but! 
are  numerous  faults  crossed  by  stone  drifts  at  a  gradient  of  6  incl 
to  the  yard.  Both  endless  rope  and  endless  chain  haulage  are  us< 
Chain  haulage  ia  found  most  convenient  when  there  are  quick  chaog 
of  gradient,  but  when  the  planes  are  moderately  flat,  endless  rope  1 
better,  on  account  of  its  less  weight.  Details  of  the  cost  of  ha 
and  roadtng  are  given. 

In  connection  with  the  breakage  of  a  steel  wire  rope  on  an  inciia 
1275  yards  long,  and  weighing  about  2  J  lbs.  per  yard,  M,  Jacob  t  ( 
cusses  the  subject  of  haulage  generally.  The  rapid  deterioratioti  ^^ 
wire  ropes  through  using  them  on  too  small  pulleys  is  dealt  i^itb, 
the  effect  on  the  rope  as  a  whole,  and  on  the  separate  wires 
pointed  out. 

Electric  Haulage. — The  electric  haulage  plant  at  the  Cannock  i 
Rugeley  collieries  is  described  by  Mr.  R,  S.  Williamson.}     An  <>M 

•  Tramaetiont  of  the  Federated  InatUutwn  of  Mining;  EnffineerSt  voL  iii*  pp.  SflT-^M 
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winding-engine  is  iiaed  to  drive  an  Ei well-Parker  slmnt-wound  dynamo, 
giving  200  amperes  at  300  volts  when  running  at  400  revolutions. 
The  motor  is  of  the  same  size  as  tlie  dynamo  but  series- wound,  and 
will  give  04  brake  horse-power.  The  copper  cables  are  f  [,  higbly 
insulated.  A  simple  water-resistance  is  used.  Tlie  macluue  at  present 
is  hauling  300  tons  per  day  over  a  distance  of  583  yards  with  gradients 
from  I  inch  to  2  inches  per  yard,  but  the  distance  will  be  increased  to 
810  yards  with  gradients  of  9  inches.  The  inclusive  cost  is  given  as 
XI 187,  as  compared  with  XI 440  for  air-compressing  plant.  The  useful 
effect  is  65  to  70  per  cent. 

Mr.  W.  Wardle  *  describes  the  plant  at  the  West  CanEOck  Colliery. 
A  Goolden  dynamo,  capable  of  giving  48  electric  horse-power  at  550 
volts,  is  used.  The  current  is  conveyed  through  a  |?  cable,  well  in- 
sulated for  a  distance  of  1400  yards  from  the  slmft  bottom.  The  cost 
of  the  plant  is  given  as  XI 000.  and  that  of  a  compressed  air  plant  as 
£2156.  The  general  arrangement  of  the  plant  is  shown  on  a  plate 
accompanying  the  paper.  Both  Mr.  Williamson  and  Mr.  VVardle  would 
prefer  direct  rope-driving  plant  to  electric  power  if  possible. 


Electric  Mine  Locomotives.— C.  Bailey  t  describes  the  adoption 
of  electric  locomotives  at  the  No.  4  pit  of  the  collieries  at  Maries  in 
the  Pas- de- Calais.  The  dynamo  supplies  current  both  for  lighting 
and  haulage.  In  the  mine  the  conductors  are  of  coppt-r  0  35  inch  in 
diameter  and  well  insulated,  and  are  connected  to  flange  rails  on  which 
the  collecting  trolleys  run.  The  locomotive  is  7  54  feet  long,  2*94  feet 
broad,  and  4*92  feet  high.  Its  weight  has  been  brought  up  to  about 
2  3  tons  to  insure  adherence,  Tlie  motor  is  designed  to  give  ten  horse- 
power, and  is  arranged  with  its  axis  parallel  to  the  track,  A  rlieostat 
is  placed  in  the  circuit.  A  large  number  of  experiments  have  been 
made  to  determine  the  power  required  with  the  engine  running  light 
and  with  various  loads.  These  experiments  prove  that  the  gradient 
in  the  road  should  be  uniform,  if  a  uniform  current  be  required. 
With  a  light  load  the  efficiency  is  low,  as  much  is  lost  in  useless  re- 
sistances, but  it  is  better  to  increase  the  speed  rather  than  the  load. 
The  best  results  were  obtained  with  a  load  of  twelve  empty  tubs  at  a 
speed  of  11^  feet  per  second,  but  this  speed  was  too  high.  When 
drawing  fifteen  tubs,  or  a  total  load  of  2*37  tons  at  a  speed  of  7*8  feet 
per  second,  the  efficiency  was  58*50  per  cent 

Tranaaetwng  of  the  Federated  IngtUu-tion  of  Mininfj  Encfineers^  vol  iii.  pp.  -iSG-494. 
t  Bexrtte  UnicergeUe  dcM  Mineg.  vol.  xi 


An  electric  locomotive  desired  for  a  roadwaf  as  nar 
incljea  in  parta,  and  running  on  a  22-iuch  gauge,  is  illustrated. 
motor  18  arranged  parallel  to  the  raiU  and  drives  through  bevel  gtau^ 
ing.  The  motor  framework  is  hinged  on  one  pair  of  axles  and  baroe 
by  springs  on  the  other.  Current  of  200  volts  is  u&ed,  being  reiiaced 
by  a  motor  transformer  from  500  volts,  Tlie  road  is  1200  vards  long, 
and  the  current  is  supplied  through  two  overhead  conductors.  The 
motor  is  series- wound,  and  develops  15  brake  borse-power  at  1000 
revolutions. 

An  illustration  t  is  given  of  an  electric  locomotive  designed  for  mining 
work.  It  is  built  for  a  30-inch  gauge  and  its  diniAnaions  are:  length, 
9^  feet;  height,  3  feet;  and  width,  4  feet.  It  will  ruo  at  six  to  ten 
miles  per  hour.  An  iron-clad  ring  armature  is  used,  and  it  tran«mit« 
motion  to  the  driving- shafts  through  two  intermediate  shafU  on 
opposite  sides  of  the  motor  shaft.  Connecting-rods  are  omitted  to 
decrease  the  width,  and  to  permit  spring  suspension  and  outside  axk- 
boxes.  The  trolley  is  mounted  so  that  it  can  easily  be  transfej 
from  one  end  of  the  locomotive  to  the  other. 


leriei^ 


Steel  Trucks  in  Belgian  Collieries.— In  the  Belgian  collii 
trucks  made  entirely  of  nit^tal  have  been  in  use  for  several  ye&n. 
Drawings  of  these  trucks,  pjiblii^hed  by  P,  Vanhassel,J  show  tint 
repairs  are  cheaply  and  easily  effected,  A  damaged  part  has  merely 
to  be  unriveted  and  replaced  by  a  fresh  one  kept  in  stock,  Tht 
damaged  part  is,  as  a  rule,  merely  bent,  and,  btdng  of  steel,  can  be 
straightened  and  used  again.  A  truck  of  this  type  can  be  put  tc^cther 
without  difficulty  by  a  lad,  the  separate  parts  having  been  purchased* 
A  truck  with  a  weight  of  375  Iba  and  a  capacity  of  336  Iba.  of  cajfed 
costs  £2,  63,  " 

In  many  Belgian  mines,  the  wheels  of  the  truck  are  loose  and  torn 
freely  on  the  axle,  the  advantage  they  present  being  tlie  small  i^ 
sistauce  they  offer  in  passing  round  curves.  The  wrougbt-iron  axl^* 
are  square  in  section  with  1  *36-inch  side.  Four  wheels  and  two  axles 
weigh  132  lbs.  and  cost  19a  9d.  The  entire  truck  weighs  507  lbs. 
and  costs  £3,  5s.  9d,  The  weight  of  the  truck  is  to  that  of  the  co*[ 
carried  as  1  is  to  2*3,  and  this  may  be  considered  a  very  favouitl 
ratio.     A  truck  of  the  old  type  with  wooden  body  weighed  551  II 

•  CoUkrjf  Ouurdian^  vol.  Ixiv.  p.  38>6. 
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and  cost  £3^  8s.     By  the  introduction  of  trucks  with  steel  bodies  the 
output  of  the  Marieinont  mine  has  been  increased  40  per  cent. 

Keeping  Open  Haulage  Roads. — Mr.  W.  H.  Chambers*  describes 
the  methods  adapted  for  reniuviug  the  posts  of  coal  along  the  main 
haulage  ruads  at  the  Taiikersley  collieries.  The  coal  is  here  worked 
on  a  modi  tied  long  wall  system,  leaving  posts  from  20  to  40  yards 
thick  on  each  side  of  the  main  road.  The  shaft  is  100  yards  deep,  and 
from  it  there  is  an  Incline  about  1000  yards  lon^r,  with  a  travelling 
road  parallel  to  it,  and  10  to  12  yards  of  post  between  them.  On 
either  sides  of  these  roads  posts  25  to  30  yards  had  been  left.  From 
the  bottom  of  this  incline  levels  have  been  driven  some  800  yards  or 
more,  with  posts  in  the  main  part  of  their  lengths.  There  is  also  a 
second  incline.  In  the  main  incline  and  levels  there  is  a  double  line 
of  rails  with  endless  over-rope  haulage.  As  the  weight  was  coming 
on,  owing  to  workings  in  another  seam,  and  as  the  coal  in  this  seam 
waa  becoming  worked  out,  it  was  neceasary  to  take  some  steps  to  keep 
the»e  roads  in  good  condition.  Three  methods  were  adopted.  In  the 
first  of  these,  the  low  side  posts  were  taken  out  from  tiie  far  end, 
keeping  the  packing  well  up  to  the  coal  A  ripping  of  3  feet  supplied 
packing  material.  After  about  six  months  the  top  side  was  taken  out 
in  40-yard  pieces,  and  another  ripping  of  3  feet  made  to  supply  pack- 
ing. Steel  bars  were  set  where  the  roof  required  it,  and  the  work  was 
done  without  stopping  the  haulage.  In  another  level  the  top  side  was 
taken  out  first.  In  tiie  main  incline,  t*  or  8  yards  of  coal  on  each  side 
was  first  taken  out,  3  feet  of  tl*e  roof  ripped  down,  and  a  pack  4  yards 
wide  put  in.  Then  the  other  portion  of  the  coal  was  worked  out  25 
yards  behind  in  bank  fornu  In  the  second  incline,  the  whole  of  the 
coal  was  taken  out  at  once  in  several  places. 
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Modern  Explosives  and  Firedamp. — J.  Mauerhoferf  observes 
that  fur  many  years  past  constant  experiments  have  been  made  at  the 
collieries  of  the  Kaiser  Ferdinand^s  North  E:dlway,  with  a  view  to 
reducing  as  far  as  possible  the  dangers  arising  from  fire-damp.  The 
author  states  that  these  exp«^riments  resulted  in  the  introduction  into 
use  at  Uiese  collieries  of  *'  fire-damp  dynamite  "  as  the  explosive,  with 
a  friction  fuse.    Goal-dust,  bjs  is  now  well  known,  poasessea  the  property 

*  Pftper  re»d  before  the  Nfttiotinl  AucH^iation  of  Colliery  Munikf^rs,  Leedi,  April  30, 
1892 ;  The  Ooflierp  Manofjer,  vol.  viii,  pp.  ^-87. 
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of  rendering  explosive  gas  mixtures  conUining  less  than  2  per  cent  rf 
gas.     To  Avoiil  such  ga3  acciimuktions,  the  author  states  that  At  i 
colliery  near  Aix-k-Cliapelle  an  attempt  was  made  to  exhaust  the  gu 
from  the  coal  by  a  series  of  pipes  with  a  suction  attachment,  but  tbe 
experiments  were  wholly  nnsuccessfol.     Then,  as  it  was  foiiml  Impoi* 
sib!e  to  exhaust  the  gas  from  the  coal,  efforts  were  moiie  to  render  the 
coal-dust  as  iuex plosive  as  possible.      The  air  sent  into  the  collidy 
was  tlierefore  completely  saturated  with  moisture,  but  the  danger  from 
suspended   coal-dust   was   found    still    to   exist,  uotwitbstandiDg  thii 
saturated  condition  of  tbe  mine  atmosjdiere.     Direct  sprinkling  wis 
then  adopted*     The  qua!)tity  of  water  used  proved  to  be  immeDse^  a 
gaB-burner  jet  0'04  inch  in  diameter  tising  1^3  gallon  of  water  per 
minute.     The  pecuniary  side  of  the  question  proved  not  to  be  an  tin* 
important  one.     Sufficietit  water  is  now  used  to  wash  away  the  niud 
produced,  as  even  a  very  complete  damping  of  the  dust  isnotsufficiem 
to  render  it  completely  free  from  danger*     Yet  even  though  it  were 
possible  to   remove   the  greater  part  of  the  dust  in  this  way,  there 
would  still  be  spots  which  it  would  be  practically  impossible  to  keep 
permanently    free    from   dust       It  was   consequently    seen  that  iht 
arran^^ements  made  were  not  in  themselves  sufficient  to   render  th* 
collieries  safe.     Attention  was  therefore  next  directed  to  the  arrau^ 
ments  for  shot-firing,  efforts  being  made  to  find  a  substitute  for  tbii 
practice.     Lime  cartridges  were  tried,  but  the  results  werti  not  of  a 
satisfactory  character ;  next  came  tbe  hydraulic  wedge  of  Levet^  and 
then  came  other  mechanical  devices,  notably  those  of  Brunton,  Schramm, 
and  of  Fran^^ois  and  Dubois,  tlie  last  of  which  is  still  in  use  in  vh« 
fiery  mines  of  the  Li^ge  coal  basin,     A  more  modem  device,  that  of 
Franke,   is  now   being   tried,      The  results  obtained  with  lime  car- 
tridges  and  with  the  Levet  wedge  could  not  compete  financially  with 
those  resulting  from    the  use  of  powder,  and  explosives  ha<l  conse- 
quently to  be  again  resorted  to.     At  this  time,  1887,  a  prize  of  1000 
ducats  was  offered  in  the  Ostrau  Karwin  district  for  tbe  bejit  method 
of  replacing  shot- firing  in  fiery  mines,  and  of  the  231  proposals  sani  » 
it  was  considered  that  the  best  results  were  likely  to  be  obtained  by 
using  the  Lauer  friction  fuse,  by  using  a  water-casing  for  the  cartridge** 
or  by  employing  the  ^yalche^  coal-breaker.     Since  1887  tlie  explosi^el 
themselves  have  obtained  the  most  attention.     Shattering  explosiw* 
were  shown  to  be  incapable  of  being  utilised  with  safety  in  fiery  nUD«»i 
and   the   so-called   safety   dynamites  have  been  introduced.     Wbem 
-ihattering  explosives  have  to  be  employed,  then   the  water-ciiitridire 
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deseryes  attentiau.  Uafortutiately  these  cartridges  require  much  care 
in  chargiDg  and  in  use,  and  the  rough  hands  of  a  workman  arc  not 
adapted  to  their  manipulation.  Next  Galloway  proposed  to  replace 
this  water-casing  by  one  of  some  other  material,  such  as  moss,  which 
would  hold  in  suspension  considerable  quantities  of  water.  This,  in 
turn,  gave  way  to  the  use,  not  of  water  in  mechanical  mixture,  but  of 
water  of  crystallisation,  and  Miiller  adopted  a  mixture  of  crystallised 
sodium  carbonate  with  the  explosive.  This  led  to  the  two  main  divi- 
sions of  modern  explosives — the  ammonia  and  the  soda  safety  dyna- 
mites. In  the  collieries  to  which  the  author  more  particularly  refers 
the  soda  safety  dynamite  is  alone  employed.  The  introduction  of  a 
safe  explosive  only  partially  solved  the  difficulty,  the  fuse  and  detonator 
also  requiring  attention  as  the  possible  causes  for  explosions.  It  was 
also  necessary  to  adopt  a  method  of  firing  the  char^^e  within  the  bore-hole. 
This  is  possible  either  by  the  electric,  percussion,  or  friction  methods, 
the  la^t  being  the  best.  The  author  gives  details  showing  that  the 
failures  in  this  Lauer  friction  method  only  amount  to  0*62  per  cent, 
in  419,370  cartridges.  In  the  great  majority  of  the  failures  the  wire 
wais  pulled  out  together  with  the  friction  attachment,  no  explosion 
following.  This  has  as  its  cause  the  hygroscopic  nature  of  the  friction 
charge,  which,  owing  to  this,  loses  its  explosive  character.  It  is 
necessary,  tiierefore,  to  keep  these  friction  igniters  in  places  very  free 
from  damp.  The  author  giveb  details  as  to  each  of  a  number  of  slight 
accidents  which  have  occurred  when  using  this  igniter,  but  in  nearly 
every  instance  the  carelessness  of  the  workman  was  the  sole  cause  of 
the  accident.  As  a  result  of  all  tlie  experiments  carried  out  at  the 
collieries  of  the  North  Railway  referred  to,  these  friction  igniters,  in 
combination  with  safety  dynamite,  are  now  alone  in  use  for  bringing 
down  the  coal 

Tests  of  Explosives. — K  Larmoyeux  and  L.  Namur*  give  the 
results  of  an  extended  series  of  tests  made  with  various  explosives, 
principally  to  determine  the  influence  of  temperature  and  of  the 
length  and  kind  of  tamping.  The  tests  were  made  with  several 
Famples  of  grisoutite,  compressed  powder,  and  Favier  powder.  The 
tabulated  results  show  the  weight  of  the  explosives  used,  the  detonator, 
and  the  strength  of  the  explosive  as  measured  by  projection  and  by  the 
lead  block.     The  experiments  in  the  presence  of  fire-damp  and  sus- 

*  Amtnaire  de  CAuocuUion  tUt  Inginieurt  tortit  de  VKeolt  de  LUge^  5ik  iexiist,  voi  ▼* 
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pended  coal-ilust  with  these  explosives  itre  also  tabuUted^  to  shoir  the 
weight  of  explosive  and  detonator,  the  length  of  tampingi  the  amoanu 
of  dust  and  gas  present,  the  temperature  and  the  resulu.  A  Urg* 
number  of  explosives  were  also  tested  by  being  submitted  to  a  falling 
weight 

New  Explosives. —F.  Gabaston  *.  refers  to  the  recent  experiment*! 
work  of  Bertheiot  and  Tarpin  widi  fulmenite.  The  results  obtained 
by  its  use  show  it  to  be  incomparably  more  powerful  than  dynamite. 
All  explosion  of  fulmenite  shattered  the  rocks  surrounding  the  bore- 
hole to  .such  ati  extent  that  the  debris  after  the  explosion  could  »11  b« 
removed  by  hand.  It  is  perfectly  safe  in  transport,  does  not  freeze  df 
exude,  and  is  not  injured  by  prolonged  contact  with  water. 

HercuHte,  an  explosive  invented  by  A.  Pall<§,t  is  stated  by  him  to  b* 
more  powerful  in  its  action  than  all  other  nitro- glycerine  explosirefi,  li 
is  a  yellowish -grey  powder^  and  is  stated  to  be  made  of  sawduil, 
camphor,  potassium  nitrate,  and  certain  other  materials,  details  of 
which  are  not  given. 

Dynainite  Fumes.— P.  F.  Chalon  J  refers  to  the  influtince  exerted 
by  the  fumes  resulting  from  the  use  of  dynamite  for  blasting  purpflsft* 
on  the  health  of  the  miners  employed.  The  approximate  eompoiilioo 
of  these  combustion  products  ia  as  follows  : — 


WaitT  v»imnr         .        i        *        . 
Curbonic  oxide  ami  curboiiic  sDhjrlriiti 
NitTQUiK  product!  ,        .        ,        . 
Nitro-glycemie  vapour  ... 


19 

58 

i:» 

v»  rial  lit" 


About  1105  gallons  of  carbonic  oxide  and  300  of  carbonic  anhy>in<ie 
are  liberated  by  the  combustion  of  1  lb.  of  nitro-glycerine,  conaidcriug 
the  gases  as  having  the  temperature  of  the  explosion.  It  is  eviJent 
that  the  atmosphere  of  a  heading  must  be  very  seriously  affected  bf 
such  a  large  inrush  of  deleterious  gases.  The  result  of  the  re«pi»- 
tion  is  nearly  always  the  same :  headache,  coughing,  iudigestioo.  mil 
nervous  troubles.  Those  workmen  who  are  the  most  subject  t^ 
neuralgia,  dyspepsia,  and  headache,  are  the  ones  who  suffer  tnoit 
readily.  Acute  cases  are  rare.  Dr.  Darlington  has  shown  that  tlww 
are  accompanied  by  nausea,  vomiting,  a  violent  and  irregular  actiourf 
the  heart,  a  feeble  and  intermittent  pulse,  and  general  appearancei  rf 

*  Oif^U  Civile  vol,  xxu  p.  95. 

t  OMterrdchiscke  ZtitMhrijt  fUr  Berg-  uM  HUUmimttm^  vol.  xl  |i.  801. 

X  94nie  Civil,  vol  xxi  pp.  87-88. 
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asphyxia  aud  poisuuiog.  Strong  cotiee,  mlialaLion  of  ammunia,  aui- 
plmrous  acid,  autl  a  little  acetic  acid  are  used  as  rtjmedies.  Some 
ammonium  carbonate  and  atitipyriiie  should  be  given  iuternally. 
But,  above  all,  prevention  being  better  tban  cure,  great  care  should 
be  taken  to  clear  the  headings  of  the  products  of  the  explosion  before 
the  workmen  are  allowed  to  return. 


I 


I 


The  Best  Form  of  Safety  Fuses*— M.  Janet*  gives  an  exhaus- 
tive description  of  the  methods  of  igiuting  safety-fuse  to  render  it 
safe  in  fiery  mines.  Firedamp  may  be  igiiited  by  safety-fuse  burning 
at  the  rate  of  one  to  one  and  a  half  yard  per  minute  in  any  of  the 
following  ways  :  (1)  By  the  incandescent  substance  used  to  h'ght  the 
end  of  the  fuse ;  (2)  by  sparks  from  the  end  of  the  fuse  ;  (3)  by 
explosions  in  the  fuse  itself;  (4)  by  the  combustion  of  the  explosive 
before  its  explosion.  The  danger  ansing  when  the  last  method  is 
adopted  can  only  be  obviated  by  emjiloying  skilled  men,  and  by  taking 
care  that  the  fuse  is  not  inserted  too  far  into  the  cartridge.  The  danger 
associated  with  the  third  method  is  due  to  large  grains  of  powder 
in  the  fuse,  only  to  he  avoided  by  carefully  sifting,  and  by  increas* 
ing  the  strength  of  the  covering.  White  fuse  is  preferable  to 
tarred  fuse.  It  is  generally  believed  that  German  tiiiiier  will  not 
ignite  gas,  but  no  direct  experiments  appejir  to  have  been  made. 
Igniting  the  tinder  through  the  gauze  of  a  lamp  is,  however,  dangerous, 
and  so  are  the  sparks  given  off  from  the  end  of  the  fuse  in  this 
method  of  lighting.  Sufficient  safety  is,  however,  probably  aflForded 
by  allowing  about  4  inches  of  the  fuse  to  burn  before  its  end  is 
exposed.  This  length  may  be  determined  by  counting  the  seconds 
required,  or  by  the  touch  when  the  heat  is  felt  in  the  fingers  holding 
the  fuse.  To  insure  safety  in  this  way  the  fuse  should  be  enclosed  in 
&  chamber,  which  may  be  of  wire  gauze.  These  devices  are  of  two 
clas^efi.  The  first  are  used  once  oidy,  and  permit  the  fireman  to  retire 
slowly ;  the  others  are  used  over  and  over  again,  and  these  are 
inferior,  m  far  as  safety  is  concerned,  as  the  man  ia  tempted  to  retire 
too  quickly.  Several  of  these  appliances  are  described  by  the  author. 
In  1881,  M.  Lagot  proposed  the  use  of  a  coal  impregnated  with  salt- 
petre, burning  without  dame,  and  placed  in  a  chamber  into  which  the 
fuse  is  inserted.  Bickibrd^s  safety  igniter  t  is  then  described.  In 
tills  sulphuric  acid  is  brought  into  contact  ivith  chlorate  of  potash  and 

*  AnnaJr9  det  Minet,  Ihh  wjrieAj  vul.  L  pp.  351-371. 

+  Jiturnal  of  the  Iron  and  8Ud  lu-ntitttUf  1891,  No.  L,  p.  321. 


THE  IRON  AND  STEEL  IKTJUSTR1E8. 

sugar,  enclosed  in  a  tin  tube  on  the  end  of  tbe  fuse.  The  mcid  ii  oaik 
tained  in  &  glass  capsule,  which  is  broken  by  a  special  pair  of  nippcn. 
This  device  has  been  used  successfully  in  several  French  coUieriej^ 

Devices  of  the  second  class  are  also  freely  in  use.  In  one  form  the 
fuse  is  enclosed  in  a  barrel,  and  is  fired  by  a  percussion-cap.  JohniOD 
and  Howat's  safety-lamp  has  been  favourably  reported  on  by  the 
French  Eacplosives  Committee.  In  this  the  fuse  is  introduced  into 
the  lamp  through  a  tube,  and  is  fired  by  a  kind  of  pricker  wire. 
Another  device  is  the  Bounioncle  *  fire  syringe,  in  which  tinder  is  fiml 
by  the  sudden  compression  of  aii\ 

The  Detonation  of  High  Explosives  by  Percussion —Mr. 

W,  J,  tJriiman  f  has  maile  some  experlmetita  to  detemiine  the  effect 
of  percussion  ou  various  explosives^  and  the  difference  between  deto- 
nation and  the  explosion  produced  by  percussion*  Explosives  may  be 
arranged  in  the  following  three  classes,  the  first  requiring  a  detonatctr 
with  15  grains  of  fulminate  of  mercury  and  the  third  needing  30 
grains  : — 

L  Nitro-glycenne    compounds,    comprising  dynamite^  geligniti', 

blasting  gelatine,  carbonite,  &c, 
II.  Nitro-cotton,  including  cotton  powder,  tonite,  &c 
III,  Nitrate  of  ammonia  powders,  including  roburite,  ammonite,  kt. 

Percussion  experiments  with  a  falling  weiglit  of  59  lbs,  pointed  si 
the  lower  end,  exploded  substances  of  tlie  first  class  with  a  fall  of  6  w 
12  inches,  of  the  second  class  with  2  to  3  feet,  but  with  falls  up  to 
40  feet  the  latter  class  explosives  were  not  explo»ied  but  only  decora- 
posed  loually.  The  explosion  of  roburite  by  a  detonator  did  not  ignite 
gunpowder. 

Friction  Igniters  in  Fiery  Mines. — J*  Lauerj  after  referring  u> 
the  main  causes  of  explosion  in  fiery  mines,  states  that  he  formed  the 
opinion  that  to  avoid  such  explosions  it  was  necessary  (1)  to  hsn' 
only  one  central  method  of  ignition  in  the  charge  inserted  into  ll» 
drilled  hole ;  (2)  to  use  a  shattering  explosive  ;  and  (3)  not  to  QM 
too  heavy  a  charge.  Electric  firing  is  too  compUcat*'d  for  ordinirf 
work,  and  the  author  therefore  devised  his  now  well-known  fiicti^ 

•  Jtrnmal  of  thf  Iron  and  SUel  TnHiiute,  1891.  No.  K,  p.  320, 
f  Tranm^tions  of  thf  Frdttvieti  Tnatitutvm  ff  Mimwj  EniiinertM,  vol,  m.  pp.  fHi^ 
X  Oe^teneichische  Zti(*rhrift  jUr  Btrg-  u»d  Hilttmwucn^  voL  xL  pp.  177*1^1-   ** 
Journal  ofth€  Irmt  and  SUff  InatitttUf  18l>2,  No,  I.,  p.  357. 
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In  conclasion,  he  discusses  the  objections  which  have 
been  raised  as  regards  his  method  of  firing. 


arrangement 


CoaJ- Cutting  MachiEes. — The  Brown  coaUcutting  machine  is  one 
of  the  chain-cutter  type.  The  chain  is  carried  by  a  frame  which  is 
advanced  into  the  face  of  the  coal,  aad  the  chain  runs  in  a  horizontal 
plane  on  this  frame,  so  that  the  cuttiij|;s  are  brought  out  at  the  side 
instead  of  underneath,  as  in  those  machines  which  work  with  the 
chain  in  a  vertical  plane.  The  power  is  derived  from  an  electro- 
motor mounted  on  the  macliine,  which  drives  the  chain  directly 
through  a  sprocket-wheel  and  also  drives  the  screw-feed  |:ear.* 

An  illustration  is  given  +  of  the  Ednie  coal-cutting  machine,  in  which 
the  undercutting  is  done  by  a  number  of  drills  carried  by  a  slide 
working  at  right  angles  to  the  face.  An  electro-motor  is  used  to  drive 
the  machine, 

A  rotary  electric  coal-drill^  made  by  the  Thomson-HouBton  Company, 
is  illustrated.  J  An  adjustable  standard  carries  the  combined  motor 
and  drill  driving  meclianism. 

The  Longwall  System  of  Working  CoaL— Mr.  W.  S.  Gresley  § 
describes  the  longwidl  system  of  working  coal,  and  points  out  the 
conditions  under  which  it  is  best  applicable.  These  are  as  follows  : — 
Where  all  the  coal  is  to  be  mined;  where  lump  coal  sells  best;  gene- 
rally in  seams  under  6  feet  in  thickness ;  where  much  dirt  or  refuse  is 
contaiued  in  the  coal,  or  has  to  be  mined  with  it;  where  economy  in 
timber  is  necessary ;  where  concentration  of  work  is  desirable  ;  in 
fiery  seams  where  the  fresh  air  current  should  sweep  the  face  ;  where 
blasting  is  troublesome ;  where  black  damp  and  bad  air  are  present ; 
where  division  of  labour  is  desirable  ;  when  it  is  required  to  get  the 
best  return  from  coal-cutting  machinery ;  where  top  and  aide  weights 
are  much  felt ;  in  thin  and  in  steep  seams ;  where  a  steady  sale 
obtains ;  where  it  Is  desired  to  let  down  the  surface  as  evenly  and 
regularly  as  possible ;  in  very  tliiu  flat  seams  ;  where  plenty  of  skilled 
labour  can  be  obtained;  and,  lastly^  where  rapid  opening-up  of  work- 
ings for  large  outputs  is  desired* 

Pmnping  Appliances.— Mr.  W,  H.  Chambers  ||  gives  an  account 

•  Enginttring  and  Mining  Journal^  voL  liv.  p.  275. 
t  IfM.,  voL  Uy.  p.  24.^  t  ^^<ir  ^t»t  Uf,  p.  203. 

§  P»pfT  remd  befoie  tbe  Western  Penuaylvrtiiia  Mining  iDstitute,  Fittsburgb,  1892, 
II  Traiimetiofii  of  tha  Federated  Imstitntton  of  Mining  Enyincertj  voL  iiL  pp.  513- 
518»  two  plates. 
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af  the  pumpitig  Appliances  used  in  the  sinking  operations  at  the 
new  winning.  A  section  of  each  shaft  is  given  to  show  the  strata 
the  upper  parts.  The  coal  to  be  worked  is  the  Barnsley  thick 
a  depth  of  730  yards.  At  a  depth  of  52  yards  two  pulsometeri 
raising  30,000  gallons  hourly.  Work  was  then  suspended  until  pasip^ 
were  obtained.  As  the  ground  was  very  loose,  pumps  of  the  suspendec 
type  were  used,  Tlie  Denaby  chaser  pump,  which  was  emplojetl, 
consists  of  three  hollow  plungers.  The  upper  pair  are  stationary,  and 
over  them  slide  barrels  which  are  connected  to  a  steatn  pi&ton.  From 
the  lower  ends  of  these  barrels  the  lower  plunger  projects  and  worb 
in  a  fixed  lower  barrel.  The  fixed  barrel  and  plnngers  are  connect^ 
to  the  steam  cylinder,  and  the  movable  parts  to  the  piston.  Delirer}- 
valves  are  placed  between  the  small  barrels,  and  the  large  ram-  snd 
suction-valves  at  the  bottom  of  the  large  barrel.  The  upper  pliingeii 
are  hollow  j  one  is  closed  to  serve  as  the  air-vessel,  the  other  forms  the 
discharge.  A  telescopic  suction-piece  is  used.  The  first  pump  mtde 
could  lift  50,000  gallons  per  hour  300  feet  high  with  80  Iba.  of  ste«D. 
The  pump  was  suspended  by  two  old  winding-ropes,  and  clamped  in 
position.  At  55  yards  another  similar  pump,  capable  of  lifting  70,000 
gal  I  on  ;5,  had  to  be  put  in,  but  the  sinking  was  stopped  at  57  yard* 
The  second  pit  was,  however,  being  drained,  so  it  was  pushed  on  until 
it  reached  the  same  strata,  when  pumps  were  also  put  in.  At  72  yards 
the  first  shaft  was  tubbed,  before  which  the  water  lifted  from  the  two 
shafts  exceeded  400,000  gallons  per  hour.  Tlie  second  shaft  wtf 
tubbed  at  78  yards,  and  both  shafts  sunk  to  100  yards.  More  poapi 
were  then  obtained »  so  that  there  were  then  eight  at  work,  twoidtlw 
bottom  of  each  shaft  delivering  into  a  tank  70  yards  from  the  surfsoft* 
The  sinking  was  then  contintied  until  the  whole  of  the  feeders  were 
stopped  by  tubbing  at  about  131  and  123  yards.  Eight  Lancifito 
boilers,  30  by  7A  feet,  were  required  for  raising  steam  for  all  pofpoaw. 

Electric  Pumping  Plants.— The  electric  pum  ping-plant  At  the 
Jubilee  CoUitry,  iShaw,  has  been  ruiming  100  to  150  hours  per  week 
since  November  189L  The  pump  motor  is  750  yards  from  the  fibfti 
which  is  120  yards  deep,  and  the  pump  lifts  the  water  to  the  shrf* 
sump.  An  tdd  engine  is  used  and  indicated,  in  a  test  made  i>^ 
January,  21  "58  horse*power  with  the  brushes  ofiF  the  dynamo,  and  OS 
horse-power  with  thera  on.  The  "Oldham"  series-wound  dyniiw) 
gives  485  ampures  at  580  volts,  or  37 '7  electrical  horse*power,  Ifltbi 
cables  there  is  1  "05  horse-power  lost^  as  their  resistance  is  0*33  ohm. 
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The  motor  u  similar  to  the  dynamo^  and  taking  48  5  amperes  at  567 
volts,  runs  at  406  revolutions,  and  gives  out  35*53  liorse-power.  It 
drives  the  pump  by  rope-gearing.  The  pump  delivered  577  gallons 
»  per  minate  against  a  vertical  head  of  142  feet,  indicating  24 "3  horse- 
power. The  detailed  results  of  the  test  as  given  show  that  the  power 
used  by  the  dynamo  available  at  the  motor  is  86  "1  per  cent.,  the  losses 
in  dynamo  cables  and  motor  being  13 '9  per  cent.* 

The  electric  pumping  and  winding  plant  at  the  mines  of  Faria  in 
Brazil  is  described  in  considerable  detail  by  A.  BoveLt 

The  electric  pumping-plaut  which  has  been  in  successful  use  at  the 
North  Seaton  Colliery  for  two  months  is  illustrated.  J  The  pumps 
are  of  the  three-throw  type,  delivering  250  gallons  per  minute  against 
ahead  of  50  fee L  The  rams  are  9  inches  in  diameter  and  15-inch 
stroke.  They  are  driven  through  worm -gearing,  running  in  oil,  by  a 
Tyne  electromotor  giving  20  horse-power  at  720  revolutions.  The 
current  is  supplied  throuj;h  2700  yards  of  cable  by  a  dynamo  giving 
(15  amperes  and  300  volts  at  HOO  revolutions. 

The  electricjilly  driven  pumps  at  North  Seaton  Colliery  are  illus- 
i  in  Engines  in ij.  S  They  are  designed  to  deliver  250  gallons  per 
through  1300  yards  of  8-inoh  pipe  against  a  head  of  50  feet. 
The  motor  gives  20  horse-power  at  720  revolutions,  and  is  supplied 
through  2700  feet  of  cable  from  a  dynamo  giving  65  amperes  at  301} 
Tolts 


Ventilating  Appliances. — Mr.  M,  W.  Brown  |[  gives  a  descrip- 
lioQ  ot  the  Ruteaii  fari^  with  the  results  of  some  experiments.  This 
fan  is  made  with  tliirty  curved  blades  of  a  special  form.  Each  vane 
has  four  edges^  one  of  which  is  fixed  upon  the  face  of  the  wheel,  the 
leoond  forms  the  periphery,  the  third  moves  in  close  proximity  to  the 
caiiag,  and  the  fourth  edge  is  placed  at  the  inlet  On  leaving  the 
hxLf  the  air  passes  through  a  diffuser  composed  of  three  parts^  first 
a  flat  spiral,  then  a  square  volute,  and  lastly  a  square  expanding 
chimney.  Experiments  made  with  one  of  these  lans,  6  feet  6|  inches 
in  diameter,  at  the  Aubin  Colliery,  showed  efficiencies  varying  from 

•  £IU€truiafi,  vol,  xx\%.  pp.  (>y5-G9(t, 

t  Mimcirt*  tie  fa  St>cute  de*  ItigMieara  CwHn  ;  trao slated  in  Engintei-ing,  vol.  liv, 
^  437-138,  44a-449. 

t  /iWu-frfc#,  vol.  xii'i,  pp,  354-355i 
i  ToL  liir.  pp.  195  and  197, 

«  TransiUtionM  of  the  FedenU^  ImtUuiiorn  ef  Migmg  Enginttrt^  vol.  tii.  pp.  410- 
III4. 
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563  per  cent  at  2D0  revolntions,  to  72  per  cent,  at  235  reroluUoos, 
and  down  to  46  8  at  184  revolutions. 

M.  Mortier  *  described  a  farm  of  fan  devised  by  himself,  and  gives 
the  results  obtained  by  it.      Essentially  it  consisU  of  a  wheel  with 
curved  vanes  fixed  on  both  sides  of  a  central  disc,  and  running  in  a 
circular  casing  pierced  on  the  Hat  sides  for  the  axle.     Two  rectanguisr 
ports  are  made  in  the  cylindrical  surface  of  the  casing,  the  lar^ 
serving  as  the  inlet  and  the  smaller  aa  outlet,  and  the  centra  of  theie 
passages  are  placed  on  a  chord  instead  of  on  a  diameter.     This  fas 
works  without  the  intervention  of  centrifugal  action,  and  the  presort? 
at  the  circle  of  inlet  is  theoretically  the  same  as  at  that  of  the  outlet, 
so  that  the  play  is  unimportant.     A  clearance  of  barely  2  inches  will 
therefore  suffice  for  a  4|  foot  fan.     Experiments  made  with  a  fan  of 
this  diameter  at  La  Peronni^re  gave  an  output  of  565  to  1200  cabk 
feet,  with  a  depression  of  2*56  to  1*93  inches  of  water-gauge,  shoviog 
an  efficiency  of  52  to  41  per  cent 

The  Ktinig  differential  wate'r-gauge  is  described  by  Mr.  M.  W.  Brofnut 
It  consists  of  two  concentric  tubes  one  within  the  other,  and  botli  of 
them  enlarged  at  the  top  to  form  two  concentric  chambers.  One  of 
these  is  placed  iu  connection  with  the  drift  to  be  tested,  aod  tJic 
other  is  open  to  the  atmosphere.  Two  differently  coloured  and  aoD- 
miscible  liquids  of  nearly  the  same  density  are  used  in  the  two  tabes, 
whirh  are  open  to  one  another  at  the  b<ittom,  and  a  slight  differrmv 
of  pressure  is  evinced  by  a  considerable  motion  of  the  heavier  liquid 
in  the  central  tube. 

Safety-Lamps. — H,  Gutmann^  referring  to  the  recent  terribl« 
accident  at  Przibram,  points  out  how  extremely  desirable  it  is  tlwt 
even  in  metal  mines  a  closed  luiup  should  be  employed.  He  is  of 
opinion  that  the  krap  should  have  much  the  form  of  the  ordinary 
safi;ty-lamp ;  that  it  should  burn  benzene  ]  that  it  shoidd  not  weigh 
more  than  28  oz.  -,  and  that  by  using  a  conical  oil  receptacle  with  » 
glass  bottom,  the  shadow  thrown  could  be  reduced  to  a  minimum.  I^ 
must  not  be  possible  for  the  miner  to  open  his  lamp ;  and,  if  possible* 
there  should  be  an  arrangement  attached  for  relighting  the  limp 
without  requiring  it  to  be  opened. 

In  a  course  of  Cantor  lectures  on  mine  surveying,  delivered  befoit 

*  Comptet  EenduM  MetmteU  de  la  SoHiU  tU  VInduitfrie  MiwiraU,  1892,  pp.  U4-lSr. 
t  Traruaetiont  of  ike  FederaUd  InftUuHtm  qf  Mining  EngimerM^  roL  tu.  pp.  1^ 
454. 
X  OaterrekhUcht  ^eiUchrtfi  fUr  Btrg-  \md  H«Wenwew»,  voi  ^d.  p.  448. 
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tha  Soeiety  of  Arts,  Mr.  Benoett  R  Brough  *  pointed  out  that  in  fiery 
collieries  where  the  dim  light  of  a  safety-lamp  has  to  be  used,  the  in- 
coDVenieoce  of  supplying  the  light  for  reading  the  verniers  of  a  tbeo- 
doiite  underground  b  especially  great.  Attempts  have  heen  made  to 
increafic?  the  illuminating  power  of  such  lamps  hy  the  addition  of  lenses 
or  reflectors  t  with  more  or  less  satisfactory  results.  An  ingenious 
device  recently  suggested  will  probably  come  into  general  u&e.  To 
two  of  the  rods  outside  the  glass  cylinder  of  the  safety-lamp  a  small 
plate  ia  fastened  by  two  screws.  In  the  centre  of  this  plate,  opposite 
the  flame,  &  tube  is  inserted,  and  into  this  a  bored  cork  fits.  Through 
the  bored  cork  passes  a  curved  glass  rod,  with  a  circular  section  0*43 
inch  in  diameter.  The  light  which  passes  in  at  the  terminal  surface 
ii  totally  rejected  by  the  curved  surfaces  of  the  rod,  and  passes  out  at 
the  lower  end  in  full  intensity.  The  free  end  of  tlie  rod,  which 
can  easily  be  moved  in  its  cork  liolder,  is  placed  over  the  vernier,  and 
A  steady  adequate  light  is  obtained.  Even  in  mines  free  from  gas  it 
a|ipi«r«  worth  while  to  use  a  light  safety-lamp  for  theodolite  work,  as 
A*  flame  is  so  steady  and  so  free  from  smoke* 

J.  Goffin  X  discusses  at  soTne  length  four  methods  of  religliting  safety- 
luDps  without  unlocking  them.  Tlie  first  is  that  of  Durant  and 
Hahert,  in  which  a  platinum  wire  laid  across  the  wick  is  carried  by 
Ito  insulated  pins  connected  to  contact  pieces  on  the  exterior  of  the 
Itmp  for  making  contact  with  any  suitable  source  of  electricity.  In 
Mori  and  Rhodes'  device  the  platinum  wire  is  movable,  and  6n 
depressing  a  stud  which  puts  the  wire  in  position,  the  contacts  are 
exj»0i«d.  Neither  of  these  devices  is  seU'-contaiued,  as  the  lamp  has 
to  be  taken  to  a  battery.  In  tlie  Wolff  benzine  lamp,  as  used  at 
Zwickau,  a  band  of  detonators  is  moved  forwards  by  a  plunger,  and  as 
Mch  detonator  is  brought  into  position,  it  is  struck  by  a  trigger  and 
fif«d.  The  author,  however,  prefers  the  Catrice  relighter,  in  which  a 
Dttmber  of  matches  are  carried  by  a  revolving  barrel,  and  are  struck, 
» they  are  brought  into  position,  by  a  roughened  surface. 


Hiners'  Electric  Lamps. ^The  question  of  the  construction  and 
uie  of  portable  miners'  elecLiic  lamps  is  discussed  by  Mr.  S.  F*  Walker.§ 
In  the  first  place  a  separate  fire-damp  detector  is  needed  when  these 
iimpt  »re  used,  and  it  must  be  of  such  a  form  as  to  be  as  easily  applied 

•  Jifurtud  of  the  SocUti^  of  Artt,  vol  xl  pi>.  798,  809,  322. 
t  Journal  of  (he  Iron  and  8ted  InstiluU,  1885,  Ko.  11.,  p.  &80. 
X  Jt€ViL0  Univertellf  da  Af  tn«,  toI.  XTiii  pp.  38-49,  oae  plate. 
i  Collierf  &uardiany  vol.  Ixi  p,  66L 
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as  the  cap  on  the  flame  of  a  safety* lamp.  All  the  batteriea^  whether 
primary  or  secoodary,  give  oflF  acid  vapours,  and  these,  together  with 
liquid  leakage,  soon  danmge  the  connections.  The  deterioration  of  the 
plates  in  secondary  batteries  from  flaking,  chemical  change,  and  ill- 
usage  is  also  a  considerable  drawback,  esi»ecially  as  it  is  not  easily 
detected  nor  remedied.  The  lamps  at  present  sent  ont  require  for 
charging  a  current  of  one  ampere  for  eight  to  ten  hour^,  but  a  weaker 
current  for  a  longer  time  is  advisable.  An  amperemeter  should  be 
incknled  in  the  circuit  when  ch^l^g!n*3^  Lead  plate,  sulphuric  acid  cells 
give  currents  ranging  from  2  volts  downwards,  and  the  charging  current 
must  have  an  electro-motive  force  of  101  to  12  volts.  The  cells  may 
be  charged  from  the  electric  light  service  hy  the  interposition  of  suit- 
able resistances.  No  primary  battery  has,  as  far  as  the  author  is 
aware,  come  into  use  at  all  in  mines.  The  bichromate  batter)%  wliich 
is  the  one  that  has  mostly  been  tried,  necessitates  two  liquids  and 
a  porous  pot.  Other  solntions,  many  of  them  secret,  have  been  tried. 
The  connections  in  a  primary  battery  lamp  are  more  difKcult  than  with 
the  secondary  cell,  but  in  spite  of  these  drawbacks  the  author  is  of 
opinion  that  the  prituary  lamp  has  a  greater  chance  of  success  since  the 
operations  of  filling  is  preferable  to  charging  by  a  dynamo. 


New  Fire-Damp  Indicators,— A  new  form  of  alcohol  lamp  for  the 
determination  of  firedamp  has  been  devised  by  G.  Chesneau,*  with 
the  object  of  overcoming  some  of  the  difficulties  incident  to  the  use 
of  the  Pieler  lamp.  Experiments  were  first  made  with  lamps  of  the 
Marsaut  and  Wolff  types,  and  these  led  to  the  adoption  of  a  modifica- 
tion uf  the  Fumat  lamp.  The  air-supply  enters  at  the  base  through 
a  double  gauze,  wiuch  can  be  closed  by  a  shield.  A  sheet-metal 
cylinder  surrounds  the  wick  tube  and  serves  as  a  shade.  The  gauz6 
is  somewhat  conical,  and  is  surrounded  hj  a  shield  pierced  by  a  window 
for  observation.  It  is  found  tliat  the  height  of  the  cap  and  the 
flame  depends  considerably  on  the  nature  of  the  spirit  used,  so  that 
alcohol  of  the  same  density  should  always  be  employed.  The  use 
of  metallic  salts  to  render  the  flames  more  distinct  was  experimented 
with  J  and  it  was  found  that  the  addition  of  cupric  chloride  was  ad  van* 
tageous,  giving  a  uniform  green  tint.  This  salt  is  soluble  in  alcohol, 
and  is  used  to  the  extent  of  thirty  drops  of  a  concentrated  Bolution 
in  strong  hydrochloric  acid  per  litre.  The  height  of  the  wick  is 
adjusted  by  a  regulating  screw,  and  to  insure,  as  far  as  possible,  the 

*  Atmalet  det  Mina,  9ih  leriet^  voi  ii.  pp.  203-223* 
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■Ime  temperature,  the  lamp  is  allowed  to  bum  about  a  quarter  of  aa 
hottr  with  the  wick  high.  The  testa  should  be  made  as  quickly  as 
poBsiblef  or  else  the  lamp  gets  hot  from  the  combustion  of  the  gas,  and 
the  flame  suffers  an  excess  elongatiou.  The  author  has  found  that 
rariations  of  the  carbonic  anhydride  and  temperature  of  the  air  do  not 
much  affect  the  heiglit  of  the  cone  when  gas  is  present  up  to  21  per 
cent*,  although  the  luminosity  ts  affected*  Eesults  of  a  number  of 
cjcperiments  are  given,  with  tabulated  results  of  the  height  of  the 
cone  and  of  the  luminosity  for  varying  percentages  of  gasL 

Marday-s  firedamp  detector,^  aa  adapted  for  colliery  u&e,  has  been 
brought  out  recently,  aod'is  illuBtrated  in  the  technical  joumaRf 

Electricity  m  its  Relation  to  MiEing.— The  applications  of 

ctricity  to  mining  are  dealt  with  by  M.  Saladin,  ^  who  treats  of  the 

plications  to  getting,  haulage,  winding,  and  ventilation*  The  prin- 
cipal electric  appliances  used  in  French  and  other  mines  are  described. 

This  subject  is  also  dealt  with  by  M.  H.  Fontaine,  g  who  claims 
priority  in  the  application  of  electricity  for  France.  Before  1881  an 
electrically-driven  fan  was  at  work  at  the  Blanzy  Colliery,  electric 
winches  were  in  use  at  La  Perroniere,  and  Taverdoa's  rock  drills  were 
also  in  use.     The  question  of  sparking  is  reft^rred  to, 

Mr,  G.  It  Rhodes  ||  also  deals  with  the  general  applications  of 
electricity  to  mining,  especially  in  America.  In  the  United  States  far 
more  use  is  made  of  water-power  as  the  motive  force  than  in  this 
country*  Abstracts  from  various  American  sources  are  given  concern- 
ing coaUcutting  and  drilling  machinery,  haulage,  and  pumping. 

Mr.  G.  Fletcher  If  also  deals  with  this  subject,  and  gives  some  obser- 
Vitions  on  electrical  signalling  and  on  the  use  of  the  telephone. 

The  subject  is  further  discussed  by  Professor  W.  Kobinson,'*^ 
c«p«cially  in  relation  to  blasting  and  lighting. 

The  adaptation  of  the  telephone  at  the  Tankersley  Colliery  is  de- 
Kribed  by  Mr.  W.  H.  Chambers,  tt 


Eectric  Conductors  for  Mines.— A  paper  was  read  by  Mr.  R.  J. 

•  jL^urftal  of  ikr  Irfm  and  Strd  ln*tttutr,  1892,  No.  I*,  p,  380. 
t  CU^ucrjf  Onanlijijit  vol.  Ixiv.  p.  78^;  Etrrtrkai  Revitw^  voL  xxiL  p.  517- 
!  BytffcUn  dt  In  St^iiU  IfttfrwUionaU  des  EUciricknt^  vol.  viti-  i^p.  385-409. 
;  liniUtin  de  ta  SocUU  (V Enctmfogfment ;  CoUicry  Guardian^  s^oi  UW,  p.  800. 
Pttper  nsftd  before  th«  Xntlonftl  Assoc! atlcin  of  Colliery  Mwut^ert,  NoTember  28, 
mil  ;  Tfu  CofHerp  Manager,  vuL  vi\,  pp.  239-240. 
T  Th9  Collierp  Manafftr^  vol.  vii.  pp.  240-247]  voL  viii.  pp.  29,  52-53. 
••  /Wrf„  roL  ▼liL  pp.  2*^39.  ft  Ibid,,  voL  viU.  p.  86. 
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CharletoQ  *  on  a  aafetj  electric  oonductor  for  mines.     This  conductor 
has  previously  been  JescribetL  t 

Under  certain  circumstaiicea  the  use  of  bare  conductors  maj  give  rUe 
to  accuniulatians  of  explosive  gas  by  electrolysis.  If  corrosion  of  the 
conductors  also  takes  place>  they  may  become  heated  and  fire  the  gaa 
Such  an  occurrence,  according  to  J.  A.  Montfiellier,!  took  place  in  tlie 
conduits  of  the  electric  light  mains  in  Paris.  ^H 

The  use  of  old  wire  ropes  as  conductors  for  electric  light  and  poUfFl 
in  mines  is  commented  upon  by  Mr.  S.  F,  Walker, S     Mr.  Sopwitli's  pbui    | 
of  using  old  ropes  has  met  with  marked  success  at  Cannock  Chase»  but 
there  are  considerable  objections  to  their  general  use,  especially  iu  wet 
mines.     If  they  are  used   they  should    be   well   protected   by  being 
pitched  and  wrapp«?d  with  cloth,  as  any  leakage  that  may  arise  is  not 
objectionable  on  its  own  account  alone^  but  also  because  of  its  posslbl'^ 
danger.     There  is  also  much  uncertainty  as  to  their  electrical  reiist- 
ance  as  the  separate  wires  are  broken,  so  that  there  is  not  a  continaaus 
path  for  the  current,  which  accordingly  has  to  overcome  the  resistance 
between  the  rusty  joints  and  contacts.     On  this   account  the  eAk 
ought  to  be  much  heavier  than  six  or  seven  times  the  weight  o(  a 
copper  conductor  carrying  the  same  current     The  resistance  of  an  old 
rope  sliould  be  measured  before  it  is  put  into  service,  and  this  may  br 
done  in  several  ways.     One  method  is  to  stretch  it  out  on  the  s«rfiico, 
supporting  it  on  dry  stones,  and  connecting  it  to  the  poles  of  a  dyiarnu. 
The  difference  in  the  voltage  between  the  poles  of  the  dynamo  sftd 
between  one  pole  of  the  dynamo  and  the  adjacent  end  of  the  ropes, 
divided  by  tlie  current  in  anipei"^s,  gives  the  reisisUiuce, 

The  protection  of  electric  li«:ht  and  power  cables  iu  minej  is 
cussed  by  Mn  S.   F,   Walker, j|  a  short  description  of  the  princii 
methods  in  vogue  being  given.      The  use  of  iron-wire  armouring 
condemned,  and  preference  is  given  to  a  simple  covering  of  jute.    Tliis 
in  itself  is  a  good  insulator  and  has  considerable  strength,  while  it  does 
not  impair  the  flexibility  of  the  cable. 


The  Report  of  the  Austrian  Firedamp  Commission— Tbi* 

final  report  of  the  Austrian  Firedamp  Commission  divides  fiery  mmw 
into  three  classes  containing  less  than  1  per  cent,,  between  1  ind 
2    per   cent,    and  over  2  per  cent,    of  gas   in  the   return  air.     A. 

*  Trofimttiont  of  the  ^etUrated  liutUulicn  of  Mining  Enffimer9,rol  hi.  p{».  570% 
f  Journal  of  the  Iron  and  Steel  InntituU,  184J2,  Na  L,  pp,  354-^55. 
t  VEUctricimv,  1892,  p,  253. 
I  CoHierp  Quarditin^  vol  ixW.  p.  720.  ||  Ibid^,  pp.  $86.  905. 


FUEL. 


413 


Homber  of  recomiueDdations  relatlug  to  the  size  atid  position  of  ibe 
bafU  and  to  the  workings  are  given.  The  amount  of  ventilation  is 
scribed,  the  ascensional  systeoi  being  preferred,  and  the  form  of  the 
ins  is  also  dealt  with.  No  special  safety-lamp  is  recommended,  but 
ales  are  given  for  their  general  use.  Substitutes  for  blasting  are 
enerally  inefficient,  so  that  shot-firing  is  permitted  under  certain  con* 
litious^  which  are  specified.  The  sulrject  of  coal-dust  explosions  is 
treated  with  special  reference  to  shot-firing  in  thisty  mines, 
lynamite  is  recommendefl  as  a  safe  explosive.  The  general 
open'ision  and  discipline  are  dealt  with  by  special  recommendations. 
The  experimental  researches  of  the  Commission  are  discussed  by  G. 
brsneau  *  and  the  final  report  by  Ren 6  Grey,t  Some  remarks  on 
nbject  are  also  made  by  Mr,  W.  N.  Atkinson.} 


Firedamp    Explosions. --M.    RaV(^aud  S   discusses   the    relations 

U'hich  exist  betwt?en    the   disturbauce  of  the  air  due   to  a  firedamp 

txplosion  and  the  plan  of  the  galleries  in  the  mine.     The  first  phase 

m  an  explosion  is  that  of  the  combustion  of  the  gas,  and  this  girei 

riic  to  violent  disturbances?  in  the  air  throughout  the  rest  of  the  mine 

e  no  gas  occurreil.     These  disturbances  are  often  the  cause  of  the 

t  liamage,  as  they  destroy  the  passages  and  thereby  interrupt 

It  ventilatioti.     As   a   general   rule    the   air- wave   will    follow    the 

t  path  it  can,  so  that  the  effect  in  side-roads  is  often  small 

ething  occurs  or  is  present  to  deflect  the  disturbance.     The 

Sr'then  proceeds  to  deal  with  the  efl'ect  of  variations  in  size  and 

•lirection  of  the  roads  along  which  the  air- wave  is  passing.     Variation 

in  dee  has  not  much  efiect,  but  that  in   direction  has  considerable 

wtalt,  as  the  speed  and  pressure  of  the  current  are  convertible  and 

woe  of  the  energy  is  converted  into  heat     If  at  any  point  the  moving 

vQergy  is  converted  into  pressure  by  a  change  of  direction,  the  dis- 

Chance  may  be  propagated  in  all  directions  from  that  point  as  the 

Jressnre  is  reconverted,  and  thus  at  the  shafts  or  elsewhere  the  results 

^f  the  explosion  may  aff»ict  the  different  sections  of  the  mine.     To  obvi- 

Mllhis  the  author  proposes  two  plans.     The  downcast  is  placed  aside 

^|b  the  main  intake  air-road,  which  is  put  in  direct  communication 

f     *  AfmrffeM  dta  Minn,  9tb  «!riei,  vol.  i.  pp.  239-264. 

ri  tie  la  St}ct^t€  lie  VJtainatrie  M  in  irate  ^  vol.  vi.  pp.  229*248. 
ictioiis  of  the  Federated  Institution  of  Mining  Engineer*,  vol.  HL  pp*  531- 

iSoeiit^dt  VTndititrk  Mmirale^  CompUt  B*ndua  Menrntdit  1^3,  pp.  ]&l-16g,  otie 
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either  with  the  return  air-way  or  with  a  third  shafts  through  whieb 
the  explosion  may  take  effect 

E,  Hurannn  *  refers  to  the  various  recent  experiments  relating  to 
the  tiredAinp  question,  accounts  of  which  have  been  published,  and 
abstracts  ajipeared  from  time  to  time  in  The  Journctl  of  the  Irvn  und 
Steel  Institute.  The  author  considers,  iu  the  first  pla«-e,  these  results  iu 
BO  far  as  they  relate  to  the  explosive  character  of  coal-dust,  and  theo 
passes  to  the  question  of  the  explosives  employed,  quoting  largely  from 
Mr.  C*  Cockson's  paper.  The  restiJts  of  the  French  and  other  com- 
missions are  also  considered,  as  also  are  the  observations  which  hav« 
been  made  as  to  the  relative  value  of  the  various  electric  and  other 
forms  of  lamps. 

Since  November  1891,  according  to  L,  Poussigue,t  a  very  complete 
system  has  been  in  use  at  the  Ronchamp  collieries  to  determine  the 
quantities  of  firedamp  evolved.     The  aim  has  been  to  determine  ea^ 
day  the  exact  amount  present  in  all  the  return  air- ways  and  working 
places,  the  nature  of  the  gas  enclosed  in  or  hberated  from  the  old 
workings,  and  from  faults,  fissures,  &c.     The  colliery  is  in  five  dinsioas 
for  ventilation  purposes,  and  the  amount  of  gas  coming  from  each  and 
at  special  points  is  determined.     Samples  are  taken  and  analysed  by 
combustion  in  a  tube  contacted  at  the  upper  end,  according  to  the 
method  indicated  by  H.  Le  Chatelier,|  by  mixing  gas  with  the  sample 
till  it  will  explode,     A  very  complete  description  of  the  apparatns  liwi 
of  the  metliod  of  using  it  is  given.     For  gas  from  the  goaf,  wiiich  often 
contains  carbonic  anhydride,  a  modiiieation  of  Orsat  and  Coqniliofl'^ 
apparatus  in  in  use.     The  results  thus  obtained  have  been  comparwl 
with  those  given  by  the  Pieler  lamp,  which  often  seems  to  give  wrvjng 
indications,  probably  on  account  of  the  dampness  of  the  air  or  «Lmil*r 
causes.     A  table  is  given  to  show  the  volume  of  air  passed,  aad  of  gi* 
liberated,  per    ton  of  coal   extracted.     This   quantity   of  gas  rsngt'o 
between  230  and   1585  cubic  feet  in  February  1892.  in  the  different 
districts. 

The    Barometer   and   Firedamp.— Dr.    Runge  §  publisher  ^ 
number  of  observations  on  the  relation  between  the  height  of  th*' 

•  OtMlerrtischisehe  ZeiUckHJt  fUr  Berg-  wid  Smmvwam^  toI.  xl.  pp.  ^SIMM,  ^ 
363.  383-387. 
t  BuHttin  dcla  SociiUdeVJndimrie  Minimi*,  vol.  vi  pp.  249-2H2. 
t  Ji>tinMfl  of  th€  htm  and  Stt€f  ItMiitHU^  1891,  No.  IL,  pw  222, 
§  SeiUrhn/t  filr  das  Btrf/-,  HUtUn-  und  SatinvieKn  im  ^'tfuttiMrhea  Staatt.  ^ 
,  pari  4. 
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barometer  and  the  frequency  of  colliery  explosions.  The  observations 
were  made  in  the  Ruhr  basin.  The  annual  mean  height  of  the 
barometer  during  1890  was  752-6  millimetres  at  Dortmund.  The 
maximum  was  76 8 "45,  and  the  minimum  723-10  niillimetres.  The 
monthly  averages  were  as  follows  : — 


ItM. 

Mean 
Height. 

Abuvn 
Annuid 
Una, 

AnnuAl 
Mom. 

Num^Mruf 

Jnuuftry   .... 

05 

"         ^~ 

la       ... 

Februiiry .        . 

7.11*  1 

6-8 

7          . 

Mvdi 

750  i  J 

211 

U 

April 

747  K 

4-8 

6 

Mhj 

74811 

37 

5 

June 

753:* 

07 

6 

July 

750-8 

18 

y 

August 

750*5 

21 

4 

September 

758-2 

5^ 

5 

October 

754*rt 

2D 

15 

Nofemljer 

7r»0'l 

2-5 

5 

December 

75415 

2^ 

H 

M*Ml 

752-« 

... 

Tiie  author  considers  that  these  results  confirm^  to  a  certain  extent, 
the  view  that  the  danger  of  explosions  in  collieries  is  greatest  when 
the  barometer  is  low  or  faliin^. 


I 
I 


Some  Soiirces  of  Danger  in  ITndergTOTmd  Working*— Some 

of  the  sources  of  danger  in  oiMlergruujid  working  are  discussed  by 
Mr.  D.  E.  Davies.*  The  Hrst  of  these  is  the  goaf  taking  fire,  and  this 
generally  occurs  in  South  Wales  from  shot*firing.  Some  examples  of 
this  are  given,  and  also  of  the  danger  of  blasting  in  the  main  intakes, 
on  account  of  the  dust.  Working  a  piece  of  coal  in  advance  of  the 
face  gives  risie  to  considerable  trouble,  on  account  of  the  gas  and  the 
difficulty  of  ventilation,  and  keeping  the  place  open.  Squeezing  and 
gas  are  mentioned  as  some  of  the  dangers  in  opening  out  a  new  seam, 
or  beyond  a  fault  Walling-in  gas,  which  used  to  be  the  general 
custom  in  South  Wales,  is  strongly  condemned,  and  the  present  system 
of  causing  a  sufficient  amount  of  air  to  pass  through  the  goaves  is  to 
be  preferred.  It  would  also  be  advisable  to  do  no  winding  in  the 
upcast  pit.  The  difficulties  which  occur  in  approaching  water  are  also 
mentioned. 


Lignite-Mining  in  Eastern  Galicia.— J.  Muckt  observes  that 

*  Trantacti(m»  of  ttic  SouUt  Waleg  Inntiiutt:  of  Enrjineert,  vol.  ivii.  pp,  314-323. 
t  OtiUrrekhiitche  ZeiUchrift  far  Berff-  und  JiiUUHWtien^  voL  xl.  pp.  226-238. 
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outcrops  of  coal  have  been  known  for  a  lengthy  period  to  exist  in  the 
neighbourhood  of  Kolomea,  on  the  northern  slopes  of  the  Eastern 
Carpathians.  In  the  year  1802  mining  was  in  exUtenee  there,  and  in 
1840  coal -mining  was  commenced  in  the  Nowosielica  district,  bat  ii 
was  not  until  the  year  1849  that  in  either  of  these  district*  wastb 
mining  for  fuel  efTected  on  a  scale  of  any  magnitude.  It  is,  how- 
ever, only  within  the  last  two  years  that  this  industry  has  become  of 
real  importance.  The  lignite  deposits  exist  in  the  Ispas  sands  of 
Neogene  age^  the  roof  being  a  clay  slate^  The  main  seam  worked 
is  about  18  inches  in  thickness-  The  lignite  is  of  a  deep  bkck  colour, 
contains  9  to  10  percent,  of  ash,  has  a  specific  weight  of  I'26»  and  a 
calorific  power  of  5200.  The  quantity  of  coal  proved  is  estimated  at 
about  13,500,000  tons.  It  is  met  with  from  the  outcrop  to  depthi 
varying  down  to  60  yards.  Within  the  last  two  years  the  colliery  it 
Myszyn  has  made  considerable  progress.  The  seam  is  worked  on  the 
pillar  and  stall  system,  and  the  daily  output  is  now  about  60  tons. 
The  Nowosielica  workings  are  now  raising  between  100  and  200  tons 
of  the  coal  a  day. 

Mining  in  the  Oard  Coalfield.— The  Mokta-el-Hadid  Coai- 
Mining  Company  has  undertaken  considerable  works  in  the  basin  of 
the  Gard,  in  order  to  find  coal  at  a  depth  exceeding  870  yards.  Tu 
push  on  the  work  with  rapirlity,  they  put  down  a  compressed  air-plant 
in  1887.  The  inataliation  is  described  by  M.  Kagel.*  The  air  ii 
compressed  by  a  Dnjardin  compressor,  which  is  cooled  internally,  sufl 
has  cam-actuated  valve?-  The  cylinder  is  21*27  inches  in  diameter, 
with  a  stroke  of  27^56  inches,  and  is  driven  at  45  strokes  perminut« 
by  a  23*62-iuch  cylinder.  There  are  three  air  reservoirs  with  a  capacity 
of  1060  cubic  feetv  The  air-pipes  are  of  iron  2*36  inches  in  diametaf. 
Eclipse  rock-drills,  giving  400  blows  per  minute,  are  employed.  Thfjr 
are  carried  by  radial  arms  on  a  vertical  column  fixed  by  screws.  Tlif 
stone  is  removed  by  an  incline  up  which  it  is  hauled  by  a  winch  driven 
by  compressed  air.  Details  of  the  deepening  of  the  pits  at  Gagnicrei 
to  a  depth  of  880  yards  are  given,  together  with  a  section  cf  the 
strata  passed  through. 

Mining   in   the    Enhr    Coalfield.— Luthgen  t  gives  a  critical 

*  Compiii  Rmdm  MenweU  de  Ul  SaciiU  dt  VlndudrU  Miniralt^  18B3;  jip.  Sl-^ 
with  five  pUtea, 

t  Znt*fhri/t  fUr  dot  Berff*,  ffUUen-  und  SalintntCtsen  im  Pr^wtttcken  ^toalK,  vot.tL 
pp.  289-306,  wtth  two  plates. 
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descriptioD  of  the  methods  of  working  in  TOgae  in  the  Euhr  collieries. 
On  the  whole,  he  iinds  that  inethoda  in  which  packing  is  emplojed 
tie  more  expensive  to  work  than  bord  and  pillar  methods  when 
iiifficient  waste  materiiil  is  not  available  on  the  spot.  In  some  cases, 
fcowevcr,  it  la  impoBsible  to  work  the  seams  by  the  bord  and  pillar 
method.  The  loss  with  longwall  aod  other  methods  in  which  filling 
11  used  is  always  less  than  in  the  bord  and  pillar  method.  The  ven- 
ation, too,  as  is  shown  by  the  returns  of  the  explosions  in  1839  and 
1890,  is  considerably  better,  and  the  accidents  caused  by  falls  of  roof 
lad  aides  are  far  less.  With  regard  to  the  protection  of  the  earth's 
jsrfaee,  the  methods  in  which  filling  is  employed  have  not  been 
Imfficiently  long  in  use  in  the  Kiihr  coallield  for  conclusive  evidence  to 
%e  available  as  to  the  merits  of  such  methods.  It  has,  however,  been 
found  that  where  subsidence  has  occurred  due  to  workings  that  have 
been  filled  in,  it  has  only  beeu  observable  in  an  unappreciable  degree, 
md  has  been  so  gradual  as  not  to  injure  buildings  on  the  surface. 

Coal-BIlJliBg  in  Saxony.^ — At  the  Kaiser  Colliery,  near  Gersdorf,* 
Bamber  of  hand-drills  of  a  rotary  type  are  in  use,  and  are  capable 
tf  Viring  39  inches  in  sandstone  in  a  quarter  of  an  hour.  Eoburite 
11  used  as  the  blasting  agent.  These  hand^drills  are  also  in  use  at 
other  Saxon  collieries.  Sharon's  pneumatic  chisel  has  been  tried 
tiih  varying  results.  The  Plom  enlarging  drill  was  tried  at  the 
Ziuckerode  collieries,  but  gave  unsatisfactory  results,  the  ground  being 
Very  hard  in  places.  Better  results  were  obtained  with  this  drill 
at  the  Zwickau  collieries.  The  electric  diamond  drill  has  been  used 
both  for  fiinlcing  and  driving  at  the  Zauckerode  mines,  but  its  use 
bii  been  temporarily  al>andoned,  as  the  Carboniferous  clay  sandstone 
•liich  had  to  be  dealt  with  caused  a  heavy  loss  of  diamonds  wVieu 
Mipi^ed  with  the  work  performed.  This  had,  however,  been  antici- 
'fittd    At  the  HoffnuDgs  shaft  of  the  Lugau  Colliery  Company  experi- 

dU  were  made  with  the  explosive  uarbonite.     This  explosive  was 

Rin  the  coal,  and  the  results  were  unsatisfactory.  It  showed  a 
Dcy  to  rapidly  decompose.  Trials  of  roburite  which  were  made 
*t  Oelnitz  only  gave  satisfaction  when  a  dynamite  cartrifige  was  added 
to  the  roburite  charge.  In  this  ease  the  results  were  even  better  than 
'^hen  dynamite  was  used  by  itself  alone.  Another  new  explosive, 
■itbotrite,  was  also  tried  at  another  colliery.  The  results  were  not 
iirourable.     The  use  of  the  Lauer  igniter  having  led  to  an  accident, 

*  JaArhueh  /Qrdat  Berg*  iMuifTllMeiiiMMii  im  Kmigreicht  Sacha&i,  1891.  pp.  135-lfiL 
1892.— iL  2  D 
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experiinents  were  made  by  allowing  these  rods  with  tlieir  eb&rg«  to 

fall  from  vnn  iiig  lieiglit^  on  to  an  iron  plate*  Of  twenty  such  rods  ( 
exploded  when  dropped  from  a  height  of  about  7  feet,  while  nonel 
the  rest  exploded  wkien  dropped  from  a  height  of  over  11  feet.  Of  i 
new  Bet  of  twenty  only  one  exploded  when  dropped  from  a  height  of 
over  16  feet. 

Goal'MiiiiBg  in  Canada* — An  account  is  given  by  Mr.  R  Eobtft- 
son  *  of  the  coafieKU  of  Cape  Breton  Islanth  The  history  of  the  fieM 
13  fir^t  shortly  given,  and  is  followed  by  an  account  of  the  pits  oovr  it 
work.  Near  Sydney  harbour  there  are  two  shafts  13  and  11  feet  in 
diameter  and  670  feet  deep.  The  smaller  is  used  for  pumping  and  for 
ascent  and  descent.  The  larger  is  used  for  wit»ding  1000  tons  per  day. 
The  engine  is  of  160  nominal  horse-power,  and  raises  two  tubs  pkce<i 
end  to  end  in  the  cage.  Each  tub  carries  14  cwtw  A  bed  of  spruce 
boughs  at  the  bottom  breaks  the  fall  of  the  cage.  Two  hauHng-engines 
at  the  pit  bottom  are  supplied  with  steam  from  the  surface,  A  main 
and  tail-rope  system  of  haulage  is  in  use,  and  particulars  are  given  of 
the  inclines,  &c.  The  coal  is  brought  from  the  face  by  horses.  A 
pillar  and  stall  system  of  working  is  employed,  but  the  pillars  are  n&l 
removed  as  the  workings  are  under  the  ocean,  and  a  detailed  account 
of  these  workings  is  given.  The  ventilation  and  pumping  are  done  by 
a  Guibal  fan  and  by  a  Cornish  engine.  Electric  hght  and  eignols  lit 
installed* 

Coal-Mining  in  China.— In  a  recent  i*eport  to  the  Foreign  Oic«, 
the  consul  at  Hankow,  Mr.  C.  T.  Gardner^t  describes  two  coal-miR^ 
one  at  Tao-shi-fu,  the  other  at  Wang-san-shih.  At  the  first  named  plice 
there  are  only  verj'  thin  seams,  and  only  the  surface  coal,  of  poor  quality, 
has  been  worked.  Borings  are,  however,  being  put  down.  At  ih« 
latter  place  there  are  three  seams,  measuring  24  feetj  3  feet,  and  U 
feet  respectively,  and  dipping  50''  to  the  south.  A  shaft  has  alreidy 
been  sunk  to  a  depth  of  104  feet.  The  place  is  only  three  miles  fratn 
a  railway  which  is  being  built,  and  six  miles  from  the  irori-mincg. 
Unfortunately  the  coal  will  not  coke.  The  machinery  was  brought  to 
the  mine  up  a  small  creek,  by  damming  it  as  the  rafts  advanced,  w  li 
to  get  sufficient  depth  of  water 

Mr.  W<  Moses  X  states  that  of  thirteen  seams  of  coal  cut  at  tlie 

*  7S-an*aft'oni  of  the  Mining  Imtitute  of  Seotfandy  vol.  xtr.'pp.  43-4!i 
t  Fijrtign  Offiee  Rfportt,  Mucelianemts  Seriett  No.  247, 
$  Mining  Journal,  vol.  IxU.  p,  1071, 
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iaiping  calHeries  sir  are  workable,  three  being  of  good  quality.  The 
ftt  ia  6  feet  6  inches  in  thick riesp,  yit-lding  an  excellent  steam  coal 
The  remaining  seams  vary  from  12  Lo  30  feet,  in  tliickness.  They  He  at  an 
[Jgle  of  from  40"  to  90*,  and  are  very  difficult  to  work,  both  the  pillar 
^nd  ataJl  and  lon^wall  systems  being  in  use.  The  workings  are  very 
?n*ive.  The  output  from  two  shifts  is  1400  tons  a  day.  The  sor- 
kcemeii  work  ten  hours  a  day.  Tlie  rate  of  wages  is  but  sixpence  a 
ay.  Large  coke  and  brick  works  are  erected  in  connection  with  the 
Dliieries.  Another  colliery  has  recently  been  sank  about  twenty  miles 
Tting  Shau,  and  is  now  producing  at  the  rate  of  500  tons  a  day. 
railway  is  constructed  from  tlie  mines  to  Tientsin,  a  distance  of  a 
idred  miles. 


IX.— COAL'  WASHING, 

Ooal-Waahing  Machinery. — S.  Stutz  *  describes,  by  the  aid  of 
five  Ulustratiun§,  a  coal-jigging  or  washing  machine.  The  machine, 
which  ia  described  in  detail ^  is  stated  to  be  much  stronger  and  more 
campact  than  those  in  general  use,  and  to  be  especially  adapted  for 
jigging  the  smaller  sizes  of  anthracite  coal.  The  stroke  of  the  piston 
varies  from  2  inches  downwards^  and  it  makes  from  fifty  to  a  hundred 
dattble  strokes  per  minute, 

Coal-Screening  Plant. — The  screening  plant  at  the  Lumphinnans 
CoUiery,  Fifeshire,  is  in  two  section?,  dealing  with  round  coal  and 
with  dross.  The  coal  plant  consists  of  a  s'eries  of  picking  tables  with 
hed  bar  screens.  The  tuba  are  emptied  by  tipplers  into  a  hopper, 
thence  the  coal  is  distributed  by  **  Mnngall "  bands  to  fixed  screens 
and  then  to  the  four  picking  tables,  which  vnry  in  length  from  about 
47  to  11  feet,  all  being  4  feet  in  width.  The  dross  taken  from 
the  eofld  IS  passed  to  travelling  Vielts,  wliicb  delivers  it  to  the  drosa 
pit.  It  is  then  lifted  by  an  elevator  to  a  revolving  screen  making  five 
iiie&  The  smallest  size  is  taken  by  screw  conveyors  to  the  boilers  or 
taggonS)  the  small  or  single  nuts  pass  direct  to  the  waggons,  and  the 
tliree  larger  sizei  of  nuts  are  sent  over  three  picking  tiibles.  The  whole 
plant  is  covered  in  and  lighted  by  incandescent  electric  lamps,  t 

Mr,  W.  Bridget  J  describes  the  movable  screens  of  hii  own  design 

imeriean  Mamifncturer,  vol.  li.  p.  190. 
*Th€  CoLlUry  Mauaper,  vol.  Tiii.  p.  196. 
I  TramtteiianM  o/  tkelNational  Auociation  of  CGllicTy  ManofferB^  voL  iv,  pp.  lOS-1161. 
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which  b&v6  been  in  use  for  ftome  yean  at  the  Fish  ley  6ollierie«i  fbr 
loaditig  canal  boats  direct  from  the  tubs.  The  screen  is  a  traTelHog 
one,  so  tiiat  tlie  men  in  charge  hire  a  length  of  two  boats^  and  can  tiki 
the  coal  and  deposit  it  on  any  part  of  the  boats.  Th«  screemt  in 
moved  in  either  direction  by  attaching  them  with  ordinary  rope  clips 
to  a  rope  ninaiug  at  1  J-  mile  per  hour.  Tl»e  same  engine  that  drirts 
this  rope  aUo  drives  a  second  endless  rope,  which  moves  the  tuba.  Tbeva 
are  two  screens  at  work  capable  of  dealing  with  700  tons  of  ooal  p«r 
eight  hour?.  The  ropes  work  under  the  screens  and  are  placed  7  inehei 
apart.  A  boat  can  he  loaded  in  fifteen  minutes.  Each  screen  haa  i 
total  area  of  34  square  feet,  steel  bars  9  feet  long  being  employed 
The  screen  may  be  moved  by  han<l  if  power  is  not  available. 

Drawings  are  published*  of  a  new  coal-screening  plant  erected  tt 
the  Graf  Bismarck  Colliery  at  Gelsenkirchen.  The  products  obtained 
consist  of  mixed  t'oai,  lump  coal,  and  two  sizes  of  nut  coal. 

The  Manufacture  of  Briquettes. — Some  notes  on  eompretsisg 

brown  couU  into  briquettes  are  given  by  Mr,  B.  Straubel.t  The  prin- 
cipal point  in  the  manufacture  consists  in  the  proper  selection  of  the 
methods  for  drying  and  heating  the  coal  before  it  is  compreced. 
Unlike  other  coals,  brown  coal  contains  enough  bituminous  maieri*!, 
so  that  admixture  with  pitch  or  other  binding  material  may  be  omitted; 
but  as  the  constitution  of  coals  from  neighbouring  districts  varies  greatlj, 
very  careful  selection  of  the  methods  and  machinery  is  requisite,  Tii* 
processes  are  considered  under  three  heads  : — 

Crushing  the  raw  and  wet  coal. 

Drying  and  heating  the  crushed  material. 

The  compression  of  the  brown  coal  into  briquettes. 
Crushing  is  best  jierfornied  between  a  pair  of  rolls — one  plain,  iht 
other  closely  fluted.  The  crushed  material  is  passed  over  an  inclined 
sieve,  or  over  two  if  the  material  is  fibrous,  as  it  is  essential  that  large 
pieces  be  removed.  The  coarser  material  is  re-crushed  or  is  used  uiwier 
the  boilers.  The  crushed  coal  is  then  taken  by  conveyors  to  the  drying- 
stoves,  where  the  water  is  reduced  about  35  per  rent,  down  to  15  p<f 
cent.j  wliich  is  found  to  be  a  suitable  amount.  As  a  rule,  highly  bita- 
minous  coal  contains  less  water  and  requires  a  lower  temperature  to 
dry  it  The  ovens  which  liave  been  adopted  may  be  classified  un^*^^ 
five  heads,  namely,  those  drying  by  (a)  fire-gases  alone,  (b)  steam  onljt 


*  QlUtkmuf^  vol.  xxviii.  p.  701. 
f  Antmnl  RtpoH  for  the  Stcrttarp  &/  Minti^  Vi^toriQ,  1801.  pp.  49-52^  «Di  pU**' 
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(c)  hot  air  only^  (dj  hot  air  and  steam,  (e)  fire-gaaes  and  steam.  Ex- 
amples of  each  of  these  types  of  ovens  are  described  and  illustrated*  A 
recent  improvement  is  the  use  of  a  large  re-heating  chamber,  in  which 
the  coal  from  all  the  ovens  is  collected  and  re-heated*  Some  coal 
indeed  requires  a  second  crushing  and  sifting  before  it  is  re-heated. 
The  ratio  of  compression  varies  with  the  coal,  but  averages  45  to  50 
per  cent  The  author  concludea  with  an  estimate  of  the  expense  of 
compreaaing  broirn  coal  in  Victoria,  the  Gippsland  coal  being  employed. 

Coal  Tippler. — ^Ir.  L.  Gundlacb  *  describes  a  form  of  coal  tippler 
designed  by  himself  and  used  in  New  South  Wales.  The  tippler  is 
double  acting,  holding  two  tubs,  and  is  connected  with  a  water- tank 
tome  what  of  hour-glass  form,  which  acts  as  a  balance  to  control  the 
taming,  which  is  rendered  automatic.  A  curved  screen  and  shoot 
guide  the  coal  in  its  fall. 

The  Transport  of  Coal. — Preparations  are  being  made  for  the 
transport,  by  a  current  of  water,  of  coal  from  the  Connellsville  district 
to  New  York*  The  coal  will  pass  through  the  pipes  at  the  rate  of  five 
lailee  an  hour.  After  the  water  has  been  separated,  the  coal  is  to  be 
eonverted  into  briquettes.! 


Loading  Coal,— The  iron  coid  pier  uf  the  Nurfolk  and  Western 
tiiiroad  at  Norfolk,  Virginia,  is  described  by  Mr.  W.  W.  Coe.t  The 
j'i*?r  is  805  feet  long,  and  is  approached  by  a  single  line.  On  each  aide 
'hew  are  two  delivery  tracks,  with  a  gradient  of  9  inches  in  100  feet, 
•ifid  a  return  track  with  a  grade  of  2J  per  100.  Shifting  tables  are 
*i-^*-d  to  transfer  the  trucks.  Tiie  foundations  are  made  with  hollow 
pues,  of  which  particulars  are  given, 

*  Bt^autrii^^  iral.  liir.  p.  355;  am  Uluiitrfttitm. 

t  Iffm  A'jc,  vol  Uix.  p,  ri3, 

:  Tranmeimns  of  tk6  Afncrie(U^  Sttcietg  af  dvH  SngineeTM,  val  xxnL  pv-  t2S-l28, 


1 


(     422      ) 


PRODUCTION   OF  PIG  IRON. 


CONTENTS. 


11.  Chemical  Composttion  of   Piy 
Iron 


434   t 


ILL  BlAftt-Fartmeo  Slags 
IV.  Foundry  Pnetioe   . 


fjuat 


L— BLAST-FURNACE  PRACTICE, 
Tlie  Selection  of  Ores,  Limestones,  and  Fuels  for  the  BUlt 

Furnace. — Some  notes  ou  the  seJectiuD  of  iron  ores,  limestones,  and 
fuels  for  the  blast  furnace  are  given  by  Mr.  F,  W.  Gordon,*  together 
with  a  series  of  rales,  and  illustnitious  of  the  calculations  employed. 
The  formulae  are  based  oo  the  assuinptton  that  the  heat  reqairemeutt 
for  a  given  mixture  are  measured  by  a  constant  required  by  the  ojtid* 
of  iron,  added  to  that  required  for  a  unit  of  slag,  multiplied  by  the 
weight  of  that  slag  per  unit  of  iron.  Sir  Lowthian  Bell's  figure  of 
2854  calories  is  taken  as  the  heat  required  for  oxide  of  iron  i>er  unit 
of  pig  iron  made.  Dividing  this  by  the  heat  evolved  and  utilised 
per  unit  of  carbon  gives  the  quantity  of  carbon,  less  tliat  sbsariMMl 
by  the  metal  The  quantity  of  slag  is  also  calculated  from  tbe 
materials  used.  This  amount  multiplied  by  1050,  its  heat  reqair?- 
tnent  per  unit,  and  divided  by  the  heat  units  of  the  carbon,  gives  the 
amount  of  carbon  required  to  raelt  the  slag.  The  sum  of  the  aniouDt* 
of  carbon  required  to  form  the  iron  and  the  slag,  together  with  tM 
absorbed  by  the  iron,  gives  the  total  carbon,  wJience  the  amount  *>' 
fuel  required  is  easily  found.  It  is  assumed  that  all  oxides  of  iroo 
require  the  same  quantity  of  heat  for  their  dissociation,  and  thatth* 
slag  is  kept  coiistaut  and  free  from  excessive  sulphur.  The  temperir 
ture  of  the  bhist  is  taken  at  1300"  to  1500'  F.,  but  other  temperalurt* 
may  be  substituted. 

*  Tntixmctvm^  of  the  American  In§tUiUe  of  Miitking  Wn^n^en^  B«liiJiior«  mettiBl 
(»dv»aoe  proof). 
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The  problems  treated  begin  with  the  efficiency  and  weight  of  tbe 
limestone ;  the  weight  of  the  slag  due  to  the  impurities  in  the  ore,  flux, 
and  fyel ;  the  carbon  per  unit  of  iron  ;  the  available  carbon  of  the  fuel ; 
the  fuel  required  per  unit  of  pig  iron  ;  and  the  manufacturing  cost, 
which  is  divided  so  that  each  of  the  different  materials,  according  to 
its  purity,  would  bear  its  proper  proportion.  Finally,  a  calculation 
is  given  of  the  cost  of  the  pig  iron,  based  upon  the  purchase  price  of 
the  materials,  with  the  actual  cost  of  manufacturing  and  the  calculated 
cost  of  the  materials.  The  problem  is  worked  out  at  length  with 
the  aid  of  twenty-six  rules  and  the  correspondiug  calculations,  and 
although  a  particular  case  has  been  taken,  yet  the  factors  can  readily 
be  varied  as  required. 

American   and    European    Blast-Pumace    Practice.— In   a 

lengthy  comparison  of  American  and  European  blast-furnace  practice, 
based  on  the  results  published  by  Oayley  and  Potter,  E.  de  Billy* 
points  out  that  the  favourable  local  conditions  prevailing  in  America 
are  not  met  with  elsewhere.  In  Europe  it  would  be  difficult  to  obtain 
similar  out*turns.  It  ia,  however,  a  moot  point  whether  it  would  not 
be  advisable  to  adopt  American  principles  to  a  certain  extent.  On 
the  Continent  a  prejudice  exists  against  wide  hoshes  and  powerful 
blast,  and  it  is  possible  that  the  run  <jf  the  furnace  might  be  improved 
by  widening  the  hoshes  and  increasing  the  blast. 

The  Americans  have  two  excellent  principles  which  might  advan- 
tageously he  followed.  The  run  of  the  furnace  is  r*^gulated  by  the 
number  of  revolutions  of  the  blowing-engine.  Each  furnace  must 
have  its  own  blowing-engine.  IndepenJ«nce  of  the  furnace  in  blast  and 
regulation  by  meatis  of  die  engine  revolution  are  the  two  essential 
principles  of  American  practice.  They  have  given  excellent  results, 
and  deserve  the  attention  of  European  ironmasters. 

Some  notes  on  the  manufacture  of  iron  are  given  by  Mr.  11.  Webh.t 
After  a  descri[)tioii  of  the  Catalan  forge,  the  author  turns  to  the  blast 
furnace  and  gives  a  genera!  statement  and  comparison  of  the  practice 
in  the  various  iron-producing  districts,  inclnding  Cleveland,  Cumber- 
land, Lancashire,  Wales,  Lincolnshire,  and  Scotland,  American  prac- 
tice is  also  mentioned.  Reference  is  made  to  the  stoves,  and  then 
puddling  and  forging  are  discussed. 

The  Preservation  of  the  Hearth  and  Bosh-WaUi  of  the 


*  Annalci  dts  Mirun,  9th  leries,  voL  ii*  pp.  67-117. 
t  P&p«r  read  before  tlie  Manchester  AMOoiation  of  £Dgineersp  Febniaiy  27*  1892. 
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Blast  Furaace.^ — The  varioiw  methods  employed  for  the  presemtioo 
of  the  hearth  &ud  bosh-walls  are  reviewed  by  Mr.  J.  Gayley.*  and  i 
full  description  is  given  of  some  of  tha  devices  in  use.     Thin  walls 
and  water-coils  inside  the  jacket  have  a  considerable  effect,  but  for 
making  pig   iron^  cooling  plates  or  boxes  built   into   tlie    brickwork 
afford  equal  protection  against  breaking  out  and  are  more  efficient 
One  of  the  6rst  of  these  devices  known  to  the  anthor  was  Utini'i 
cooling-plate  in  1877,     This  had  a  single  water-way,  but  others  with 
snake-coils  and  with  two  water-passes  were  introduced.  Bronze  was  alio 
substituted  for  iron  with  economy,  as  in  the  case  of  the  tuyeres.     The 
inner  pass  of  cast  iron  two- pass  plates  soon  gets  destroyed,  and  the 
furnace  lines  alter,  so  a  demand  arose  for  plates  that  could  be  renewed. 
Fronheiser's  plate  meets  this  demand,  and  uses  low-pressure    water, 
whilst  Scott's  plate  uses  hiirh-pressure  water.     The  top  of  Scott*s  plat* 
is  arched,  and  it  is  set  in  arched  recesses  in  the  walls,  6i>ecial  bricki 
being  required.     A  plate  designed  by  the  author  has  been  in  use  st 
the  Edgar- Thomson  furnaces,  and  does  not  require  special  bricks,    h 
is  wedge-shaped  and  strengthened  by  internal  studs,  so  that  it  cio 
support  the  masonry  and  yet  be  withdrawn.     At  these  furnaces  they 
are  placed  up  to  12  feet  above  the  tuyeres,  but  they  have  been  used 
higher  with  advantage. 

The  bricks  are  equally  important  as  a  factor  in  the  preservation^ 
but  very  little  change  can  be  inadu  in  the  fireclay  itself.  It  is  by  tha 
preservation  afforded  by  carbon  that  the  bricks  are  able  to  stand,  or 
they  would  at  ouce  be  fluxed  away  by  the  slag.  The  brick  material 
is  replaced  by  carbonaceous  matter  to  the  depth  of  several  inch*** 
especially  with  a  basic  slag.  The  following  analyses  are  of  bricb 
thus  filtered  taken  from  the  boshes  : — 


I. 

n. 

m. 

rv. 

V. 

Carbon                    ... 

4«<I2 

28*15 

23-79 

3575 

S371 

8ili&;i    . 

17  50 

22^ 

26  57 

2470 

201*0 

Iron     , 

5  VI 

201 

lfi40 

1  7K 

450 

AIumioA 

7*07 

8  0:^ 

871 

lirvi 

7^71 

Magnesia      .        .        .        , 

3  01 

3  76 

2  85 

tiTlS 

3^ 

Lime     ..... 

15T8 

27-6a 

17-% 

14!42 

3M 

Calcium  lulphide 

2-35 

2  89 

376 

2-83 

J 

Nos,  I,  and  II.  were  from  one  furnace,  ILL  and  IV.  from  suolhir, 
and  No.  V.  from  a  furnace  making  ferro-manganese.     The  material  in 

*  Tntnaa^iont  of  ihB  Ametioan  InttUuU  of  Mining  Suffinetrt^  Bultimore  meelb| 
(MlvmiuMi  proof). 
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Ko,  V,  also  contained  bariam  oxide  1.01,  aulpbur  0-24,  and  manganese 
17-70  per  cent.  The  author  i^as  induced  to  use  carbon  bricks  for  a 
lining.     The  coke  bricks  used  contained — 


21*51 


Ferrcmji 

Oxid«. 

l'4l 


AlumioiL, 
12  05 


0-29 


Carbon  bricks  have  been  used  in  Germany  not  only  to  line  the 
emeible  but  also  the  boshes  of  the  furnace,  and  the  author  concludes 
that  these  bricks  will  be  used  in  addition  to  tbe  cooling-phi tes. 

In  the  discussion,  Mr.  E.  C.  Pechin  gave  some  farther  information 
w  to  the  cooling-plates,  and  Mn  Gayly  gave  the  details  of  the  Edgar- 
Tbomaon  furnace  I,  Professor  von  Tanner  mentioned  the  blast 
furnace  at  Donawitz,  near  Leoben.  Here  it  was  found  that  tlie 
^rbon  lining  of  the  hearth  and  boslies  stood  well,  until  the  furnace 
las  run  on  white  iron,  when  the  bricks  in  the  hearth  disappeared, 
owing  to  absorption  of  the  carbon  by  the  metal.  As,  however,  the 
carbon  bricks  were  surrounded  by  magnesite,  the  farnace  continued 
running. 


The  Refractory  Masonry  of  Blast  Furnaces.— No  material 

It  yet  known  whieh   wdl  thoroughly  withstand  the  dissolving  action 

of  Ihe  charge  of  a  blast  furnace.     For  this  purpose,  coke  bricks  have 

been  recommended.     They  have  been  used  in  the  South  of  France  as 

fiirnace-linings  since  1876,  and  are  suitable  for  the  constnictiou  of  the 

body  of  the  furnace  but  not  for  tliat  of  the  boshes  and  the  beartli, 

inasmuch   as   carbon   woul<l   be  taken  up   from   them   by  the   iron. 

According  to  Liirmann»*  the  best  method  of  preserving  the  walls  of 

a  blast  furnace,  irrespective  of  the  refractory  material  employed,  is 

cooling  with  water.     The  causes  of  the  rapid  wear  of  the  masonry  of 

blast  furnaces  are:  (I)  friction  from  the  descent  of  the  charge,  which 

laay  be  avoided  by  the  employment  of  harder  bricks  ;  (2)  action  of 

»<fce  e<»n8tituents  of  the  blast-furnace  gases,  such  as  cyanogen  ;  (3)  action 

^f  sall^  due  to  the  presence  of  saline  springs  in  coal-measures,  and  to 

ti^quetichiDg  of  coke  with  saline  mine  water;  and  (4)  disintegration 

•^tesed  by  segregations  of  carbon  from  carbonic  anhydride,  brought 

ibout  by  iron  existing  as  FeS^  within  the  fire-bricks.     Iron  pyrites, 

*ljen  acted   on   by  heat,  is   converted  into  iron  sulphide,  which  is 

in  its  turn  converted  by  the  blast-furnace  gases  into  metallic  iron, 

ind  the  globules  of  this  becoming  enveloped  by  carbon  from  dissociated 

*  Thonindutirie  JSeiiunff^  toL  xvi.  No.  3. 
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carbonic  atihydride,  continue  to  increase  in  size  until  the  fire-btkk 
breaks.  In  coDclmion,  the  author  advocates  the  experiment  of  cgd- 
structing  the  body  of  a  blast  furnace  of  carbon  bricks,  or  of  ingot  im 
cooled  by  water,  and  the  boshes  of  firebrick. 

V.  Deshayes  *  discuses  the  refractoij  materiaU  used  in  blast  far- 
naceSf  referring  to  tlie  publications  on  this  subject  of  Gay  ley,  Le  Viriier, 
De  Billy,  and  others.  The  author  considers  that>  as  a  general  con- 
elusion^  the  best  resulU  are  obtained  with  a  blast  fomace  when  u&ing 
earbon  bricks  to  line  the  crucible  portion  of  the  furnace;  ooohiif 
energetically;  thin  walls;  and  bronze  or  copper  tuyeres.  A.  bnst 
tuyere  with  divided  brouse  cooling  arrangements  is  the  moab  desirabb 
form  at  present 

Manufacture  of  Pig  Iron  in  Luxemburg  and  the  Ehise 
Provinces.— The  iron  industry  in  Luxemburg  and  the  Ehine  pro- 
vinces is  dealt  with  at  some  length  by  G,  Bresson. t  The  oolitic  iron 
ores  of  the  Me  use  and  Moselle  are  used  in  the  four  following  districti: 
(L)  In  tlie  French  works  of  Meunhe-et-Moselle,  the  production  vu 
1,078,632  tons,  or  more  than  half  that  of  France.  (2.)  The  workiof 
Alsace- Lorraine,  together  with  the  Saar  works,  constitute  the  second 
district.  (3,)  Tlie  Luxemburg  district  is  placed  in  the  midst  of  tli* 
most  favourable  development  of  the  ore  deposits,  and  draws  its  coka 
from  Belgium  and  Germany,  At  present  the  works  mostly  consist  of 
blast  furnaces,  but  steelworks  and  rolling-mills  are  being  erected 
(4.)  The  works  of  the  Ruhr  basin  are  situated  in  the  coaifielJ,  so 
that  their  ore  has  to  ho  imported,  but  the  iron  and  steel  works  of  tlii» 
district  have  ahvaya  taken  first  rauk  in  Germany.  It  was  m  this  Urt 
district  that  the  basic  process  was  first  adopted  on  the  Continent 

Tlie  raw  material  mostly  used  is  tike  oolitic  iron  ore,  the  output 
being  more  than  half  the  total  produciion  of  the  whole  of  Germany,  wii 
itichiding  tlie  French  district,  more  than  nine  million  tons  of  ore  vcw 
raised  in  1890.  Owing  to  the  low  iron  contents  of  the  ore,  it  i» 
costly  for  triuisport,  but  efforts  have  been  made  to  increase  the  ttl*  ^ 
water-carriage  by  canalising  the  Moselle,  though  this  is  opposed  h^ 
Lahn  and  Sieg  valleys.  The  Ruhr  cokes  are  strong  and  contain  but  little 
ash,  though  they  are  more  sulphurous  than  the  cokes  of  northern  FnaoO- 
The  recovery  of  by-products  in  this  district  is  attracting  attention. 

In  discussing  the  dimensions  of  the  blast  furnaces,  tlie  author  points 

•  Cknif  Citfilt  voL  atxi,  pp.  147-151,  with  illufitratiotu. 
t  AnnnUsdet  Mine§,  9th  aeiicft,  vol,  iL  pp,  5-20. 
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out  that  in  Luxemburg  there  are  installations  which,  thotigh  not  com- 
parable to  those  of  the  Edgar-Thomson  Works  as  regards  outturn, 
present  on  comparison  several  points  of  interest  This  is  shown  by 
the  following  figures  ; — 


Dawrrlption. 

Ainervcju 

Luxemburg. 

Huight 

88  feet  7  inche« 

65  feet  7^  iiichen 

(  %%  bonhffft 

21  feet  n  inchei 

24  feet  9  iiichet 

Diamcter<  iit  throat 

15  feet  3  ioche* 

13  feet  B  inches 

I  At  crucible 

11  fi-etOinche* 

10  fept  0  ihcbe* 

Capiieity  ...... 

19,070  cubic  foet 

17.658  cubic  feet 

Volume  of  blMt        ... 

25,7*51  cubic  feet 

17,658  cubic  feet 

Tcrapentture  of  Wait 

625' 0. 

mrc. 

Preaitire  of  bbitt 

1-85  iijch 

0-71  inch 

Namber  of  tuyeres   . 

7 

G 

YieM  of  cbATge         .                          » 

62  per  cent. 

34  p0T  cent. 

Cotjsumption  of  coke  pvi  turi  of  iron 

1851  Ibt. 

2314  lbs. 

Production  per  twfjntj-four  hour*    . 

imtana 

100  Um% 

Id  the  Luxemburg  blast  furnaees»  the  temperature  rather  than  the 
volame  of  the  blast  is  sought  to  be  increased,  and  Cowper  stoves  are 
generally  preferred,  Afurtiace»  such  as  that  described  above,  generally 
has  four  stoves  about  65  feet  high  and  19^  feet  in  diameter.  Large 
blowing-engines  ninuing  at  low  speeds  are  in  general  use,  but  several 
types  liave  been  employed,  and  the  practice  in  these  points  is  compared 
by  the  author  with  that  adopted  in  America,  the  dimensions  of  some  of 
the  engines  being  given.  To  preserve  the  shape  of  the  liriiiig,  cooling- 
plates  built  into  the  walls,  especially  of  the  boshes,  are  coming  into 
general  use,  and  in  the  most  recetit  furnaces  the  hearth  has  also  been 
protected  iu  a  similar  manner.  Open-lopped  furnaces  are  still  at 
work,  and  are  strongly  upheld  by  some  ironmasters,  who  claim  that 
they  can  draw  off  as  much  gas  from  them  as  from  the  closed  furnaces. 
Both  in  France  and  in  Germany  the  direct  metal  process  and  reinelting 
in  cupolas  before  charging  ieito  the  converter  are  in  use.  At  the 
Kothe-Erde  Works  the  cupolas  are  23  feet  liigh  and  10  feet  in  diameter, 
whilst  at  Hurde  the  liquid  metal  from  the  blast  furnaces  is  stored  in 
a  receptacle  holding  nearly  100  tons.  As  the  Luxemburg  and  Lor 
raine  ores  by  themselves  only  yield  metal  containing  about  2  per  cent, 
of  phosphorus,  puddle  cinder,  which  at  present  is  easily  obtained,  is 
added  to  the  charge.  Sulphur,  on  the  other  hand,  is  kept  out  of  the 
metal  as  far  as  possible  by  the  use  of  munganiferous  ores.  As  these 
are  becoming  scarce  in  the  district,  recourse  Is  being  had  to  foreign 
ores* 


428  THE  ntOK  AKD  STEEL  IKDUSTR[E8. 

New  Austrian  Blast  Purn^e— At  the  Donawit«  Works  of  th# 

Austrian  Al[>in6  Mitiing  Company  a  new  blast  furonce  has  npcentlj 
been  erected.  It  has  an  mternal  capacity  of  12,996  cubic  feet,  »fld 
produces  daily  about  150  tons  of  pig  iron.  It  is  provided  with  three 
Whitwell  stoves,  a  hydraulic  attachment  for  the  cup  and  cone,  and  i 
blowing-engine  capable  of  affording  17,658  cubic  feet  of  blast  per 
miuuLfj,     The  works  is  lit  by  electric  light.* 

The  Londonderry  Blast  Furnace,  Nova  Scotia.— According  ta 

Mr.  K,  G,  Leckie.t   the  blast  furnace  at  the  Londonderry  Ironworks 
wjijs  rebuilt  in  1890,  and  blown4n  in  April  of  that  year.     It  is  of  Jht 
ordinary  type,  having  a  height  of  75  feet, width  at  boshes  18  feet,di*m«!l«r 
of  hearth  0  feet,  diameter  at  stock  line  14  feet,  and  diameter  of  bell  10 
feet  6  inches.    It  is  blown  witli  seven  tuyeres,  each  4  J  inchet  in  diameter. 
The  gas  down-take  is  4  feet  6  inches  in  diameter,  and  the  duat-eatdier 
is  a  circular  iron  chamber  25  feet  high  and  10  feet  in  diameter.    In«i<i*» 
it  lias  two  diaphragms,  between  which  tlie  gas  passes  downwards  and 
then  rises  up  behind  them  to  a  ga%  conductor,  wliich  on  one  side  letds 
to  the  boilers  and  kilns,  and  on  tiic  other  side  to  the  hot-blast  stoves. 
The  gas  in  its  passage  through  the  dust-catcher  deposits  a  lar^e  amount 
of  dustj  and  this  fact  enables  the  stoves  to  be  run  for  nine  montb 
without  cleaning,  instead  of  for  three  months,  as  was  the  case  befoie 
its  introduction.     The  bell  of  the  furnace  is  of  novel  construction. 
Instead  of  being  a  plain  cone,  the  periphery  is  indented,  a  space  8 
inches  wide  alternating  with  a  plate  12  inches  wide,  so  that  a  more 
regular  distribution  of  the  fine  and  coarse  ore  Is  effected.     Although 
the  hell  is  2  feet  larger  in  diameter  than  the  hopper^  it  was  put  i» 
without  removing  the  latter.    The  bell  was  cast  in  two  pieces,  a  sec&n 
being  cut  off  by  an  interposed  alip.     After  the  main  portion  had  l)6en 
swung  into  place,  the  cut-out  portion  was  replaced  and  the  twa  bolted 
together  by  raised  i!anges  on  the  upper  side.     Since  the  introduction 
of  this  bell,  the  hanging  and  slipping  w^hich  had  previously  causeii 
irregularity  in  workitig  ceaaed.     The  tuyeres,  too,  which  had  beco 
freqttently  destroyed,  now  give  little  trouble. 

The  removed  of  slag  is  an  important  item  in  cost,  and  the  eatperimeiii 
now  in  operation  appears  to  answer  well.  It  is  simply  an  adaptatioa 
of  the  taiUrope  system  to  the  slag  truck.  Further  improvements  are  i" 
contemplation  which  will  render  the  tlischarge  of  slag  automatic,  *tid 
60  reduce  the  handling  to  a  minimum. 

*  OrsterrckJiUche  Zeit9chfiH  fUr  Berg-  umd  HUtieHwe$tn,  voL  xL  p.  M5. 
t  Canadian  Mining  iZerieir,  \oh  \u  |t.  I5d. 


^ Ito^ 


PBODUCTION  OF  PIG  ffiON. 


429 


I 
I 


I 


I 


I 


Blowing*m  of  a  Blast  Furnace*— Borne  notes  od  the  blowing-in 
of  No.  1  furnace  at  Kti^lev.  Alabatnii,  on  a  new  lining,  are  given  by 
Mr.  J.  S.  Kennedy.*  The  furnace  was  originally  80  feet  high,  an<i  had 
boshes  20  feet  and  hearth  11  feet  in  diameter,  with  the  hoehes  37  feet 
above  tlie  Learth,  This  was  lowered  to  28  feet  by  reducing  the  dia- 
meter to  19  feet,  as  the  bosh  angles  conld  not  be  altered.  The  furnace 
was  well  dried  by  a  month's  bard  firing,  so  that  the  temperature  first 
given  by  the  stoves  was  800''.  It  was  thus  possible  to  rapidly  increase 
the  amount  of  blast  without  lowering  the  temperature.  The  hearth 
was  filled  with  an  extra  amotint  of  wood  as  only  pine  was  available, 
and  a  fuel  blank  of  20,000  lbs.  of  coke  was  cliarged.  Then  78,000  Iba. 
of  coke  with  12  per  cent,  of  limestone  was  put  in,  and  followed  by 
a  mixture  of  liard  and  soft  ores  with  fiux.  The  first  seven  charges 
were:  coke,  6500  Ihs. ;  ore,  4000  lbs.;  limestone,  980  lbs.  The 
burden  was  raised  every  seven  charges  till  6500  lbs.  coke,  8700  lbs, 
ore,  and  2000  lbs.  of  limes  tone  were  charged.  Greasy  waste  was  placed 
in  front  of  the  tuyeres  and  lighted,  and  7000  cubic  feet  of  blast  at  820' 
was  blown  in,  Tliis  was  increased  to  16,000  feet  in  twenty-four 
hours.  The  first  slag  was  tapped  fourteen  hours  after  lighting ;  it  was 
hot,  grey,  and  fluid,  and  contained  3541  per  cent  of  silica.  The  first 
cast  of  17i  tons  was  made  two  hours  later,  and  on  the  sixth  day  155 
tons  was  made,  of  wliich  108  tons  was  foundry  iron.  The  furnace 
then  carried  6500  Iba.  of  coke,  2700  lbs.  of  limestone,  and  11,680  lbs. 
of  ore. 

Smelting  the  Titaniferous  Iron  Ores  of  the  United  States.— 

Dr.  1\.  W.  Ituymund  t  calls  attention  to  the  iiert^istent  appearances  of 
the  titaniferous  ore  belt  mentioned  by  Mr,  H.  B.  C.  Nitze  J  among  the 
iron  ore  deposits  of  North  Carolina,  and  thinks  that  it  is  a  fairly 
definite  geological  horizon  which  may  be  of  use  in  determining  the  age 
of  other  ore  belts.  The  Church  ore  of  New  Jersey  contains  as  much 
as  15  per  cent  of  titanic  anhydritle  In  some  specimens,  and  vanadic  anhy- 
dride also  occurs,  but  could  not  be  successfully  concentrated.  Titanife- 
rous  ores  are  only  used  with  diflSculty  in  the  blast  furnace,  but  the  quality 
of  the  iron  produced  is  good,  because  the  iron  is  free  from  phosphorus 
and  is  made  at  high  temperatures  with  a  difficultly  fusible  slag.  These 
ores  have  occasionally  been  used  to  cheek  the  cutting  out  of  hearth 

*  Proeetdinpt  oftht  Atahama  Indtittrud  and  Seienti^c  Soeieiif^  vol.  I  part  2. 
t  Trantaetiant  of  the  American  Imtitatt  of  Mining  Enffineers^  BiiUimore  meeting 
( ad  y  a  nee  proof). 

t  Journal  of  the  Ir&n  and  Steel  InttUuU,  1S92,  No.  I.,  pp.  27*^^280. 
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walls.  English  practice  in  tlie  use  of  these  ores  with  a  highly  alii- 
minous  slag  is  r«ftrr*?d  to.  Mr.  Birkinhine,  supported  by  Mr.  H.  31 
Howe,  suggests  the  me  of  a  removable  hearih  for  the  furnace  to 
obviate  tbe  difficulties  from  the  huiUling  up,  and  the  possibility  of  tlie 
dimiimtiori  of  the  titanium  hy  magnetic  couceniration  la  being inreiti* 
gated  by  Professor  T.  Eggleston. 

American  Charcoal  Blast  Furnaces.— Mr.  J.  M.  Hartmin* 

states  tliat  tbe  bhist  lurnace^i  erected  at  Gnujd  Rivers,  Kentucky,  fura 
an  extrerni^ly  well  designed  and  constructed  charcoal  plant  It  eomtiU 
of  two  150-toii  furnaces,  eaclj  60  feet  biglj,  13  feet  6  inches  in  diaraet<r 
at  the  boshes,  and  7  feet  3  inches  at  the  hearth.  There  are  in  each 
furnace  six  tuyeres  placed  at  a  height  of  5  feet  6  inches  above  tb 
hearth.  The  blast  is  supplied  by  vertical  engines,  having  eich  a 
maximum  capacity  of  11,500  cubic  feet  of  air  per  minute,  at  a  pr^sore 
of  15  lbs.  per  square  inch.  Either  or  both  of  the  engines  maybe 
attached  to  one  or  other  of  the  two  furnaces.  The  boilers  number  lii- 
teen;  they  are  of  the  2- flue  type,  and  possess  a  total  available  beating 
surface  of  5624  square  feet,  and,  allowing  30  square  feet  of  beating 
surface  for  each  ton  of  charcoal  pig  iron  made  in  twenty-four  hom^ 
the  boiler  capacity  is  consequently  equal  to  an  output  of  186  tons  of  iron 
in  twenty-four  hours.  The  blast  is  heated  by  two  double  batteriei  of 
pipe  stoves  of  the  Durham  type.  The  stock-house  is  408  feet  in  leogtb, 
and  72  feet  wide;  two  lines  of  rails  laid  on  trestles  16  feet  above  the 
floor  line  run  the  entire  leng-th  of  the  building.  The  casting-houief 
are  of  wrou<;ht  iron  throughout,  and  cover  a  space  of  131  by  50  feet, 
with  pans  24  feet  in  height.  The  funiaces  are  erected  on  the  banks  of 
the  Tennessee  River,  and  there  are  thus  great  facilities  for  the  transpor: 
of  the  product,  and  for  obtaining  the  necessary  ore,  fuel,  and  flux,  without 
being  in  any  way  dependent  on  railway  communication. 

New  American  Blast  Furnace— The  North  Carolina  Steel utd 
Iron  Company  has  erected  ai  Greensboro  a  new  blast  furnace  equippe<l 
with  stoves  of  the  Ford  and  Moncur  type.  Its  dimensions  are  70 
by  14  feet,  and  working  on  local  magnetite  ores  and  haematite,  witH 
Pocahontas  coke,  the  estimated  annual  capacity  of  the  furnace  i& 
30,000  tons.t 

A  description,  accompanied  by  a  plan  and  illustration,  of  the  pUot 

•  Iron  Affe^  roL  1.  pp.  322-324»  five  illtiBtmtioni, 
t  /Wrf.,  vol.  xlix.  p.  307. 
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of  the  Monongahela  Furuace  CoiBpany,  M'Keesport,  Pennsylvauiap 
ia  given.* 

New  Hot- Blast  Stoves.— Messrs.  M'Clure  and  Amsler  t  of  Pitts- 
burg li  have  (lfsigt]e<i  a  hot-blast  stove  which  is  a  modification  of  the 
Massicks  aiiii  Crooke's  stove,  nml  a  mTmber  of  tliis  nio^hfie*!  form  of 
stove  have  been  erected  m  the  Utiited  States.  The  main  object  aimed 
at  ia  to  effect  at  the  top  of  the  stove  a  connection  between  the  ver- 
tical flues  and  the  stack  flue,  so  constructed  as  to  obviate  the  liability 
to  fracture  of  tlie  walls  by  expansion  and  conLractiim.  Tliis  is  efl'ected 
by  making  the  connecting  passage  in  the  form  of  an  arch  made  separate 
from  the  crown  of  the  stove,  so  that  there  is  an  intervening  space 
instead  of  flues  in  the  crown  itself. 

In  this  pipe  stove  there  is  no  combustion  chamber  beneath,  but 
there  is  a  small  one  at  the  end  where  the  gas  enters,  is  ij^mited,  and 
passes  into  the  oven  through  slots  in  the  partition  wall.  There  are 
thirty  pipes  in  each  section  of  the  ovens  as  erected  at  the  Grand  River 
blast  furnaces,  Kentucky*  each  pipe  having  65  equare  feet  of  heating 
surface.  At  Durham*  where  these  pipe  stoves  have  been  In  use  since 
1876,  it  has  been  found  that  100  pipes,  or  G500  feet  of  heating  surface, 
will  heat  16,000  cubic  feet  of  air  i*er  minute,  and  that  with  regular 
running  a  temperature  of  1000"*  F.  can  be  maintained.  At  the  Grand 
River,  the  double  stoves,  each  with  3900  square  feet  of  heating  surface, 
maintained  the  above-mentioned  temperature  without  difficulty  during 
a  run  of  ninety  days,  8300  cubic  feet  of  air  being  blown  per  minute.J 

EemoiriDg  SkuUa  from  Direct  Metal  Ladles,— Mr,  D,  Baker  § 

describes  the  niuims  in  use  by  tlie  Mary  laud  Steel  Company  for  remov- 
ing skulls  from  the  direct  metal  ladles.  These  ladles  have  a  capacity 
of  18  tons  when  filled  to  wuthin  a  foot  of  the  top,  so  that  the  skulls, 
when  they  do  form,  are  large.  The  cliilled  ring  of  metal  at  the  top 
is  kept  chipped  off,  so  that  the  skull  principally  forms  at  the  bottom. 
The  extractor  consists  of  a  horizontal,  telescopic  hydraulic  ram,  supplied 
with  water  at  750  lbs.  pressure,  the  diameter  of  the  rams  being  14  and 
8 J  inches.  The  object  of  the  small  ram  is  to  complete  the  ejection 
of  the  skull  after  it  is  started  by  the  larger,  and  to  save  water.  The 
hydraulic  cylinder  is  mounted   in   a  vertical   plate,  at  each  corner 

•  Ewnn^rri>}fj,  toI.  liv.  y\k  140,  149,  ISO. 

t  Imn  Afje,  vol  x1j:x.  p.  864,  three  ilhiitr«tion«.  J:  Ihid.^  vol  1.  p,  323, 

§  Tr<iinKt€tion»  o/  ike  American  Institute  of  Miniti^  Enpineert,  Baltimora  meeiing 
(ikdffiiice  proof). 
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of  which  chains  jire  attached  by  eye-bolts.  Eyea  on  the  other  eodi 
of  the  chains  take  over  lugs  on  the  ladle  trutmian  ring,  and  hold  ibt 
ladle  with  its  base  towards  the  ram.  In  the  bottom  of  the  ladle  tod 
opposite  the  ram  ta  a  hole  18  inches  in  diameter.  This  hole  u  coverd 
by  a  plate  2  feet  in  diameter,  and  the  lining  is  put  in  &o  aa  to  \nn 
a  circular  hole  2G  inches  in  diameter  over  this  plate,  which  ii  aiw- 
wards  eoTered  with  ganister  and  fire-briclc  This  is  the  only  part  of 
the  lining  which  is  destroyed  when  the  skull  is  ejected,  unless  tb 
lining  is  much  worn  when  the  sides  come  away.  A  coating  of  crude 
graphite  is  used  to  prevent  the  skull  sticking. 

The  Collection  of  Ammonia  from  Blast-Ftirnace  Gases.-lo 
the  twenty -eighth  Annual  Keport  of  the  Chief  Inspector  of  Alkali  Works 
of  the  United  Kingdom^  the  amount  of  ammonium  sulphate  proilucej 
in  the  United  Kingdom  is  stated  to  have  been  as  follows : — 


8wiFeQ. 


ISKI* 


OMWork* 

Irofiworloi  ... 
Slutle  works  ... 
Coke  ftnd  c«rboniting  works  , 


Tou*. 
2.766 


1A006 


Tons.  I 

102.138         I 

5,064 

24,790 

2,325 


I 


134,297 


ioo,m 

6,143 
2,795 


mexM 


The  author  of  the  report  observes  that  so  valuable  has  the  eoDectloo 
of  the  ammonium  sulphat©  now  become,  that  in  some  cases  in  an  iron- 
works it  is  actually  the  iron  which  is  the  by-prod uct^  the  ammoni* 
being  the  main  source  of  profit.  Out  of  seventy -seven  active  bUit 
furnaces  in  Scotland  at  the  time  to  which  the  report  refers,  fifty-sevm 
were  provided  with  a  comlenser-plant  for  the  collection  of  the  tir, 
ammonia,  &c.,  from  the  hlast-funiace  gases,  tlie  total  outlay  oo  thii 
plant  having  been  as  much  as  £444,600.  In  England  only  three  bM 
furnace  liad  such  a  plant  attached  to  them,  the  cost  of  the  plant  being 
in  this  case  £12,000  per  furnace. 

The  Influence  of  Situation  upon  the  Pig-iron  Industry,— Tliii 
subject  is  discussed  at  soiue  length  by  Mr.  J.  Birkinbine,*  chieflv  from 
the  view  of  historical  facts  which  have  led  to  the  position  chosen  for 

*  TrauioeUoni  q/  the  Am«rieam  InMtiifUe  <4  Mining  JSn^ineert^  FueaideBtiil lAinWt 

mke  GhamplAin  meeting,  June  1B92« 


'-'^1^- 


PRODUCTION  OF  PIG  XROS. 


433 


I 


ironworks  in  tho  past.  A  certain  amount  of  statistical  informatioo 
is,  however,  given  for  recent  periods  to  show  the  production  in  different 
parts  of  the  United  States,  and  the  proportion  of  the  various  ores, 
especially  of  Bessemer  ores,  is  set  out  in  a  graphic  form.  In  early 
periods  the  existence  of  easily  smelted  brown  ores  and  of  an  abundant 
charcoal  supply  were  the  main  factors  in  the  erection  of  works,  as  the 
cost  so  much  dt^pended  on  thes«^  items.  These  potent  factors  were 
then  counterbalanced  by  the  extension  of  railways  and  by  the  con- 
current introdnction  of  hoUblast  and  steam-power.  For  the  purposes 
of  comparison  four  districts  are  t'lken.  These  are  Eastern  Pennsylvania, 
Pittsburgh,  Chicago,  and  Birmingham  in  Alabama.  A  resumS  of  the 
industry,  with  several  tables  to  ilhistrate  the  progress  in  these  districts, 
is  given.  Some  of  tlie  causes  wliich  have  induenceil,  and  which  will 
furtiier  affect  the  industry,  are  thus  presented  by  the  author.  The 
bearirjg  of  thf  ore  aiitl  fuul  supplies,  the  growth  of  tlie  populaiion,  and 
the  market  offered  by  olIkt  localities  which  may  also  be  competitors 
have  all  to  be  considered,  both  in  producing  and  possibly  productive 
districts.  Under  good  management  the  maximum  differences  in  the 
co3t  of  production  in  these  four  diatricts  for  the  same  grade  of  pig  iron 
is  about  12s.  per  ton,  but  cheapening  of  transport  brings  on  keen  com- 
petition, Tbt!  data  presented  indicate  that,  notwithstanding  great 
developments  in  the  steel  industry,  the  proportions  of  Bessemer  pig 
iron  to  the  total  industry  have  changed  but  slightly  in  five  years,  and 
that  less  than  one-half  of  the  present  output  is  of  Bessemer  grade* 
The  indications  are  that  in  the  future  successful  iron  industries  will 
follow  the  population  rather  than  form  centres  for  communities  in 
remote  districts;  that  the  tendency  is  rather  to  centralise  the  produc- 
tion of  pig  iron  in  large  plants  than  to  encourage  the  erection  of 
individual  furnaces  except  as  initial  developments  of  new  industries; 
and  that,  while  the  manufacture  of  all  kinds  of  steel  will  advance, 
there  will  be  a  large  demand  for  iron  made  from  ores  not  within  the 
Bessemer  limit  for  tlie  production  of  foundry  and  other  pig  irons. 

The  Coat  of  Production  of  Anthracite  Pig  Iron.— Comparative 

statements  are  published  showing  the  cost  of  production  of  anthracite 
pig  iron  at  a  blast  furnace  in  the  Lehigh  Valley,  Peujisylvania,  in  June 
1857,  and  at  the  same  furnace  in  May  1892.  The  detailed  coat  is  as 
follows ; — 


1892.— U, 


2  B 


4^1 
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Cott  of  eoaJ  }i«r  ton  of  iroti 
Coii  of  on;         , ,  I, 

CocI  of  UiDettoii«  ,. 
SatAtiM  Atid  wage*  . , 
Other  itemi 


ToUiA 


19<M 


1'^ 


11*11 


The  year  1857  was  the  year  of  the  great  paoic,  aud  the  cost  was 
therefore  low.* 


NickeMron  Alloys. — The  following  method  has  been  devised  hj 
Gamier  t  f^r  the  nijinufacture  of  alloys  of  iron  and  nickel : — The  nickel 
ore  h  run  down  iu  a  blast  furnace  for  nickel  regulus,  which  is  then 
Bubmitted  to  the  action  of  a  hot  oxidising  blast  in  a  basic  or  neutnl 
lined  furnace.  Tiie  result  is  stated  to  be  an  alloy  of  iron  and  nickel, 
or,  if  the  oxidation  is  more  rapid,  metallic  nickel. 


\h— CHEMICAL  COMPOSITION  OF  PIG  IRON. 

The  Control  of  Silicon  in  Pig  Iron,— In  the  discusnon  rf  * 

paper  by  iMn  \V,  H.  MoimJ  on  the  control  of  silicon  in  pig  iron,  Mt 
B,  F.  Fackenthal  §  gives  analyse^  of  the  ore,  fuel,  and  limestone  used 
at  the  Durliam  furnace,  and  of  the  slag  and  iron  produced.  He  ascribei 
the  presence  of  silicon  in  the  metal  chiefly  to  the  character  and  coiD- 
position  of  the  ores  used.  With  magnetic  ores  the  silicon  is  lov,  but 
is  raised  by  substituting  half  the  weight  of  brown  haematite  orea  con- 
taining silica  in  combination  with  the  iron,  Mr.  F,  E,  Bachni*ftB» 
however,  using  these  ores,  only  gets  low  silicon,  and  he  thinks  tbiil  the 
silica  should  be  free»  Mr.  G.  F.  Knapp  gives  his  experience  in  tbc 
production  of  a  low  silicon  and  sulphur  iron  during  several  wwki. 
In  his  opinion  the  method  of  running  the  furnaoei  the  tempent^^ 

•  Iron  Age^  vol.  xlix,  p.  1036. 
t  Chcmiker  Eeiiungf  vol.  xvi  p.  671* 

:;  Journal  o/thi  Iron  and  Steet  InatUiUe^  1892,  No,  I.^  pp.  40a-4<M. 
§  Transactions  of  the  American  InstUutt  of  Minittff  Engineert^  BaJtuDore  iDMtiH> 
(AdvMice  proof), 
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and  the  basicity  of  the  slag,  are  the  controlling  elements,  Mr.  Facken- 
thal  again  ndvances  his  views,  and  is  to  a  certain  extent  supported  by 
Dr.  R.  W,  Puiymond,  and  the  question  of  grading  is  brought  into  the 
discussion.  Dr  Raymond  mentions  the  use  of  ad  di  tie  us  of  ferro- 
Eilicon  to  make  fonn*lry  irons  from  lower  grades,  and  a  method  of 
reducing  the  silicon  by  pouring  the  metal  through  a  colunan  of  frag- 
ments of  basic  slag. 

The  Grading  of  Pig  Iron.— In  some  notes  on  the  blast  furnace, 
after  dealing  sliortly  witli  its  history,  Mr.  J,  M.  llurtmaun  *  gives  the 
following  typical  analyses  of  the  various  grades  of  pig  iron,  with  their 
characteristics,  and  illustrations  of  their  fractures  : — 


Gnd*, 

1. 

92  31 

3. 

C 

S. 

Iron 

9237 

94-66 

94-68    1 

94-48 

94  OS 

Gmphitio  fl&rboQ 

3-52 

2U9 

2-50 

202 

2D2 

Cumbined  carbon    . 

013 

037 

1*62 

1-98 

1*43 

3-83 

Silicon 

2-44 

2-52 

0*72 

0-56 

0-92 

0-41 

Pboiphorui    , 

125 

ID8 

02a 

0-19 

0-04 

0D4 

Sulpbur  ... 

002 

002 

trace 

0D8    ! 

0-04 

002 

MiiJpingMft      i.        .        .        . 

0-38 

072 

0*34 

oez  i 

2^ 

098 

No.  1.  Grey.  A  large  dark  open  grain  iron,  softest  of  nil  tbe  number*,  and  uied 
exduiivelj  in  the  foiindiy.  Tentilo  itrDngtti  and  cLutic  limit  low«  Fraotnrc,  rough. 
Tumi  Krf t  and  iough« 

No,  S,  A  mixed  large  and  imall  dark  grain,  harder  than  No.  1  iron,  and  Uied  exolti- 
aivelj  in  the  foundry.  Tentile  strength  Hod  elaitic  limit  hiji:her  than  No.  L  Fraoturef 
leta  rough  than  No,  L     Tumi  harder,  lesa  tough  and  more  brittle  than  No.  1. 

No.  3.  Greyv  Smtill  grey  cloae  grain,  hftrder  thiin  No.  2  iron,  u»ed  either  in  the 
roUing«miIl  or  in  the  foundry.  Teniile  ttrength  aod  elastic  limit  higher  than  No.  2. 
Turn 8  harder,  le»H  tough  and  more  brittlo  than  No.  2. 

.  No.  4.  White  backgnmnd,  dotted  closely  with  small  black  ipoti  of  graphitic  carbon, 
little  or  no  grftin.  U^ed  eiclttBively  in  the  rollitigmill  Ten»ilfi  Btrength  and  daitio 
limit  lower  than  No.  3.     Turns  with  difRculty,  less  tough  and  more  brittle  than  No.  3. 

No.  61.  White.  Smooth  white  fracture,  do  gruin,  used  exclusively  in  the  rolling-mill. 
Tensile  strength  and  elastic  limit  much  lower  than  No.  4.  Too  hard  to  turo,  and  more 
brittle  than  No.  4. 

Besides  these  there  are  many  special  grades  and  qualities  of  iron 
used  for  particular  purposes- 


The  Removal  of  Sulphur  from  Iron.— In  reference  to  Mr. 
Stead's  summary  of  the  processes  for  eliminating  sulphur  from  iroD, 
Mr.  F.  J.  R.  Carulla  t  gives  the  following  analyses  of  steel  made  by  the 

*  Journal  of  the  FranlliH  IntUtute^  vol.  cxxxiv.  pp.  132-144. 
f  InduMriet^  vol.  xiii.  p.  368, 
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Heaton  process,  and  also  an  analysis  of  the  Stanton  pig  iron  nsedfor 
the  metal  C. : — 


Steel  A. 
110 

'      Steel  B. 
■        0-56 

Metal  C. 

Piglno. 

Combined  carbon 

trace 

0-41     '. 

Graphitic  carbon 

0*40 

trace 

none 

1-70 

Silicon 

trace 

!       none 

none 

ii& 

PhoBphoruB 
Sulphur   . 

0-24 

oa5 

0-10 

035 

012 

010 

oil 

0-24 

Manganese 

0-47 

0-60 

072 

1-92 

Steel  A.  crumbled  under  the  hammer  at  all  heats,  B.  was  worked  into 
a  bar  with  fine  grain,  and  C.  was  worked  into  rails. 


The  Smelting   of  Gellivara  Iron   Ores.— According  to  the 

Weiirddndska  Annaler,  poor  phosphoric  iron  ores,  or  rather  ferriferbm 
apatite,  from  Gellivara,  in  North  Sweden,  with  20  to  25  per  cent*  of 
iron,  have  been  experimentally  smelted  at  Finshytte.  The  pig  iron 
produced  contained — 


I. 

II. 

III. 

IV. 
V. 


Silicon. 


0-08 
001 
0  15 
015 
001 


Carbon. 


0-50 
0-65 
0-59 
079 
050 


Fhosphonia. 


Sulphur. 


10-64 
11-86 
1311 
9-78 
10-31 


0^ 
0^ 
OOl 
0-06 
0-07 


The  corresponding  slags  contained: 


Description. 


Silica       . 
Alumina  . 
Ferrous  oxide  . 
Manganou8  oxide 
Lime 
Magnesia 

Phosphoric  anhydride 
Titanic  anhydride    . 
Sulphur  . 


20-20-22  56 

42-90-39^ 

4-59-  4-44 

7-98- 7-89 

1-40-  1-92 

2-46-  2-00 

0  29-  0-24 

0^-  0-46 

43M0-46-79 

2700-33-24 

5  16-  4-38 

11-61-  7-27 

16-48-19-67 

571-10'28 

2-30 

lOO 

016 

0-08 

The  charges  consisted  of — (i.)  ores  without  any  flux ;  (iL)  with  10  per 
cent,  of  lime;  (iii.)  with  15  per  cent,  of  lime;  (iv.)  90  parts  of  ore  with 
20  parts  of  blast-furnace  slag ;  and  (v.)  90  parts  of  ore  and  10  parts  of 
sand.  Thus,  in  order  to  obtain  slag  richest  in  phosphorus,  the  ores 
must  be  smelted  alone,  or  with  a  small  addition  of  lime.     The  pig  iron 
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should  readily  be  purified  by  an  oxidishig  smelting  on  the  basic  open 
hearth,  with  the  adilition  ot  lime,  if  it  is  required  to  produce  wrought 
iron  or  steel  together  with  basic  slag. 

Americaii  Forge  Fig  Iron. — ^The  following  is  an  analysis  of  the 

special  grade  "Chickies"  torge  ]dg  iron,  made  at  duckies,  Pennsyl- 
vania, from  ores  mined  in  that  district : — 


FUoflpbonis, 
0^84 


Sulphur. 
0027 


8«lcon, 
0  640 


0-201 


It  is  used  in  admixture  with  high  phosphorus  and  ciuder  ironSj  and 
with  high  sihcon  metal  from  the  Southern  States.* 

Titanium  in  Iron,— Mr.  J.  B.  Naut  observes  that  titanium  is 
frequently  found  in  iron  ores,  and  occasionally  in  large  quantities. 
Thus  a  magnetite  from  Ulfo,  in  the  Archipelago  of  Angernianland, 
contains  9  5  per  cent,  of  titanic  anhydride.  Titanium  is  difficult  to 
reduce,  and  by  far  the  largest  part  of  it  passes  into  the  slag  in  the 
biastrfurnace  treatment  of  the  ore,  giving  it  a  dark  and  sometimes 
a  perfectly  black  colour,  traces  being  usually  hard  to  find  in  the 
pig  iron  made,  even  when  the  slag  contains  8  per  cent,  or  more  of 
titanic  anhydride.  Many  experiments,  made  with  a  view  to  produce  a 
titanium  iron  alloy  in  the  crucible,  have  been  unsuccessful ;  but  Sefstitim, 
after  he  bad  heated  in  a  graphite  crucible  first  a  mixture  of  iron  oxide 
and  tiUnic  anhydride,  and  then  a  similar  mixture  with  an  addition 
of  bisilicate  of  lime,  succeeded  in  producing  in  the  first  instance  an  alloy 
witfi  2-2  per  cent  of  titanium,  and  in  the  latter  an  iron  containing  as 
much  as  4*78  per  cent,  of  titanium.  The  former  was  a  velvet  dark 
soft  iron,  while  the  other,  with  more  titaniutn,  was  a  very  hard,  though 
forgeable  iron.  In  a  third  test  an  uoforgeable,  hard,  white  pig  irou 
was  obtained,  which  contained  0  5  per  cent,  of  titanium. 

RUey  has  shown  that  in  the  manufacture  from  a  mixture  of  ore 
containing  some  titan iferous  iron  ore,  pig  iron  is  occasionally  produced 
which  contains  0'5  to  1*6  per  cent  of  titanium.  In  the  blast  furnace, 
too,  crystals  are  met  with  having  the  composition  TiC^N^  +  SFe^K,. 
Titaniferous  ores  are  hard  to  smelt,  but  it  has  been  tliought  that  the 
presence  of  such  ores  is  favourable  to  the  formation  of  a  spiegeleisen, 
though  the  metal  obtained  contained  ouly  0*1,5  to  0*2  per  cent,  of 
manganese.  The  author  prr>ceeds  to  discuss  the  extreme  difficulty 
which  is  observed  in  the  efforts  to  yjroduce  a  titanium  iron  alloy,  and 


Iron  A(je,  voL  xlix.  p.  7SL 


t  Ibid,,  pp.  550-551. 
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the  probable  great  and  beneficial  influence  exerted  by  even  a  very  smiU 
quantity  of  titauiuin  on  iron.  Iron  obtained  from  titaniferous  omii, 
he  adds,  almost  always  of  superior  quality. 

Calcium  and  MagBesium  in  Pig  IroiL — A.  Kaysser*giTeatlie 
following  partial  analyses  of  pig  iruu  made  at  the  Altos  Homus 
Works  at  BUbao,  showing  the  presence  of  appreciable  quantitiei  of 
calcium  and  magnesium.  As  showing  the  influence  exerted  by  thett 
elements  on  the  acid  lining  of  a  Bessemer  couyerter,  the  number  of 
blows  is  also  given  which  a  converter  bottom  withstood  when  the 
metal  referred  to  waa  being  blown  : — 
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Mn. 

Qi. 

M« 

1 

1-06 

0-21 

0^ 

3 
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1-02 

oi»a 

ow 

10 

3 

2-m 
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OtiJ 
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17 

4 
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1  21 
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15 

6 
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0-2T 
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7 
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ai»T 

0-29 
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Uh— BLAST-FURNACE  SLAGS. 

The  Calculation  of  Slags.— The  calculation  of  slags  may,  acoori 
ing  to  Mr.  N.  M,  Langdon.t  be  considered  under  three  beads.  Tbeie 
are  :■ — (a.)  When  a  certain  percentage  of  silica  is  required  and  tbeotlier 
slag-making  elements  will  not  hinder  the  formation  of  fusible  sl»p 
with  that  amount  of  silica ;  (5.)  when  the  slag  is  to  conform  to  * 
general  type  with  a  certain  oxygen  ratio  of  bases  to  acids  ;  (c)  wbca 
the  slag  is  to  conform  to  a  specific  type  with  a  certain  oxygen  ratio  of 
protoxide  and  sesquioxide  bases  aa  well  as  of  total  bases  to  acid,  or  U? 
contain  certain  percentages  of  the  different  acids  and  bases.  Th*  M 
and  second  of  the^e  cases  are  usually  limited  to  iron  smelting,  whilst 
cupola  smelting  may  be  considered  under  the  third. 

To  find  the  percentage  of  flux  to  produce  a  slag  haring  a  givw 
perce^itage  of  silica,  a  table  of  constants  showing  the  percentage  of  b(i«« 
present  for  each  1  per  cent  of  silica  is  giren.     These  constants  tf« 

*  OmlWfwitki*du  JkHmikrifi  /Ar  Berg-  tend  B&(t€nwt9m,  toI  iJ.  p>  25S. 

t  TYmtrntdims  ^  M<  Ameriean  IntiiinU  of  Mining  Bnffinfcnt,  Lake  CtumpUcn 


PBODUCTION  OF  PIG  IRON. 


439 


W 

I     multiplied   separately  hy  the  silica  in  the  ore,  flux^  and  fuel,  the  bases 

I  are  deducted  from  the  products,  and  the  remainder  indicates  the  lime- 
stone required.  For  the  second  case,  a  table  of  the  typical  composi- 
tion of  nine  different  slags  witii  the  oxygen  ratios  and  the  character 

I  of  the  iron  produced  is  given,  and  also  a  table  to  show  the  amount 
of  silica  required  per  unit  of  base  to  produce  a  normal  silicate.  Rules 
are  appended  for  finding  the  percentage  of  limestone  to  produce  a 

f  slag  with  a  given  oxygen  ratio  of  bases  to  acid,  for  determining 
the  general  type  of  a  given  slag,  for  resolving  a  slag  given  by  its 
formula  itito  the  percentage  of  its  elements,  and  for  determining  the 
specific  formula  of  a  slag,  an  analysis  of  which  is  given.  For  the  third 
case  the  method  is  described  of  finding  fromthe  analyses  of  the  different 
oree,  fluxes,  and  fuels,  a  mixture  that  will  produce  a  given  specific 

(slag.     Each  of  these  rules  is  illustrated  by  a  fulij  worked-out  example. 
Slag  Cemeilt. — According  to  Pinkenberg,*  there  are  at  the  present 
time  some  ten  manufactories  in  Germany  where  slag  cement  is  made, 

^the  aggregate  annual  production  being  600,000  tons.  For  the  Berlin 
market,  the  slag  cement  is  derived  chiefly  from  the  Victoria  Works  at 
Thale  in  the  Harz,  where  slag  sand  from  the  Blankenburg  and  Harz- 

Iburg  blast  furnaces  is  employed.  The  cost  of  production  is  5s.  per  ton. 
In  the  employment  of  slag  cement  for  structural  purposes,  attention 
must  be  paid  to  two  of  its  properties,  which,  under  ceriain  conditions, 
are  diaaJvantageous.  These  are  (!)  the  very  slow  setting  (15  to  22 
hours),  and  (2)  the  low  specific  gravity  of  slag  cement 

The  employment  of  slag  cement  under  water  in  tlie  construction  of 
the  Kaiser  Wilhelra  Bridge  and  of  the  Moltke  Bridge  at  Berlin,  has 
proved  unsuccessful ;  on  the  other  hand,  slag  cement  has  answered 
very  well  in  ordinary  building  construction. 


lY.^FOUNDRY  PRACTICE. 

Stove  Foundry  FrEctice. — There  is  considerable  scope  for  economy 
of  fuel  in  the  melting  of  iron  in  the  cupola,  but  the  saving  of  fuel  is 
often  more  than  counterbalanced  by  the  inferior  quality  of  the  product. 
The  cupolas  mostly  used  in  stove  plate  foundries  have  an  outside  dia- 
meter of  5  to  6  feet,  and  a  heigiit  of  from  45  to  60  feet.    A  specification 

♦  Difi^ltr'i  FolyUtkniiehtt  Journal,  voL  cclxxjdv.  p,  237. 


which  has  been  given  ♦  requires  the  lower  two  sheets  of  the  citing  to b» 
|-inch,  and  above  that  J-inch  m  thickness.     The  sheets  are  riveleil  td 
the  casing  is  strengthened  by  flanges.     One  or  two  charging  openings  am 
made  12  to  15  feet  above  the  floor.     They  are  3^  feet  across  and  2} 
to  3  feet  high.     Ch/irging'donrs  lined  with  brick  may  be  used.    T*« 
tuyere  openings  should  be  10  to  15  per  cent,  of  the  cross  sectioo  of 
the  cupola.      Proper  tuyeres  and  a  tight  wind-box  should  be  usal. 
The  bottom  plate  should  be  heavy,  and  the  cupola  should  rest  on  iron 
columns  higli  enough  to  let  the  discharging-Uoora  swing  freely  and  to 
let  the  material  be  removed.     The  scaffuld  must  be  strong  enough  to 
bear  the  stock  which  it  is  intended  to  store  there.     The  brick  lining 
is  laid  in  a  grout  of  fine  clay  and  sand,  with  salt  added.     A  thinijef 
lining  may  be  used  above  the  doors,  as  the  greatest  repairs  are  requirt<i 
at  the  meitiug  zone,  which  may  have  to  be  relined  three  times  yearlj. 
The  sand  bottom  over  the  doors  is  5  to  7  inches  in  thickness^  and  i^ 
evenly  sloped  towards  the  tap4iole,  and  the  breast  is  carefully  muk. 
Shavings,  wooil,  and  then  a  bed  of  coal  are  put  in  to  light  up,  and 
charging  can  commence  about  an  hour  afterwards^     The  cupola  msj 
then  be  filled  and  the  blast  turned  on,  gently  at  first,  till  iron    i 
at  tlie  lap-hole,  which  can  then  be  clos^jd  and  the  full  blast  turn-  : 
The  first  few  ladles  of  iron  should  be  used  for  inferior  work.    The 
various  brands  of  iron  should  be  evenly  distributed,  but  some  xfoth 
use  the  whole  pigs,  as  the  advantages  due  to  breaking  them  are  not 
considered  equal  to  the  saving  in  fuel.     A  number  of  typical  chargei 
are  cited  to  show  the  variations  in  practice  at  different  works,  giving 
the  iron  melted  per  lb.  of  fuel  at  7  to  9*4  lbs.     Too  much  iron  shouU 
not  be  put  in  the  first  charge  on  to  the  fuel  bed  or  the  iron  will  run 
cold,  but  the  total  amount  of  iron  charged  should   be  as  nearlj  »* 
possible  that  required  for  the  daily  consumption. 

Foundry  Mixtures. — In  a  paper  read  before  the  Fonn^Ii 
Association  of  Piiihidelphia,  Mr.  J>  M.  Warner  t  discussed  the  I 
mixtures  in  use  in  the  United  States,  He  points  out  that  whereas 
five  years  ago  most  of  the  larger  foundries  used  largely  Noa  1  mil 
2  foundry  iron,  with  high-priced  softeners,  they  now  make  tbcir 
entire  mixture  with  No.  2  foundry,  No.  3  foundry,  and  grey  foTp 
pig  iron,  together  with  a  little  low  grade  silicon  iron.  The  author 
refers  to  a  large  series  of  experiments  made  with  a  view  to  aMOf* 

•  Iron  Age,  toI.  xtix.  pp.  72B-729  ;  Iron,  vcU,  lutxix.  pp.  3^-38&. 
t  Iton  Afft,  vol.  1.  p.  6L 
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taiu  the  bi?st  mixture  to  employ.  About  150  disiiiici  mixtures  were 
tested.  The  bars  broken  transversely  were  1  inch  square  and  24 
inches  between  the  supports.  The  strongest  bar  broke  at  1923  lbs. 
It  was  composed  of  Southern  coke  iron,  Ohio  coke  iron,  scrap,  and  1 
per  cent,  of  ferro-ahimiTiitim.  The  weakest  broke  at  840  lbs.  It  was 
made  of  a  mixture  of  50  per  cent,  each  of  old  wheels  and  No.  1 
Lake  Superior  iron,  a  well-known  brand.  Each  of  these  two  samples 
of  iron  was  of  admittedly  high  strength,  and  by  mixing  them  together 
it  was  tliought  tliat  a  material  would  result  which  would  yield  a  very 
strong  casting  for  special  work.  The  strongest  bar  obtained  from  a 
pig  iron  mixture,  without  ferro-aluminium,  broke  at  1530  lbs.  This 
was  from  an  all-coke  mixture  of  a  Southern  an<l  two  Ohio  brands. 
The  general  average  of  all  the  bars  broken  was  1120  lbs.,  with  a  deflec- 
tion  of  from  0  25  to  0*53  inch.  A  comparison  of  these  results  would 
appear  to  show  tliat  red-short  irons,  that  is,  those  low  in  phosphorus 
and  silicon,  when  mixed  together,  make  castings  which  are  weak,  hard, 
and  liable  to  shrinkage,  and  to  show  blow-holes.  Cold-short  ironsi 
rich  in  silicon  and  phosphorus  also  tend  to  yield  weak  and  hard 
castings  when  used  alone.  The  best  results  are  obtained  by  mixing  iu 
such  a  manner  that  the  resulting  casting  shall  contain  aboutO'75  percent, 
of  phosphorus,  and  2  per  cent,  of  silicon.  The  author  refers  to  various 
mixtures  of  American  pig  irons  which  give  such  a  desired  result.  Mill 
cinder  has  a  tendency  to  soften  the  iron,  and  to  render  it  more  fluid, 
but  it  renders  it  **  dirty,"  and  impairs  its  strength,  while  the  use  of 
scrap,  when  it  can  be  obtained  lower  than  No.  3  strong  pig  iron,  is  to 
be  recommended  if  carefully  emphtyed.  As  to  silicon,  the  use  of  high 
silicon  iron  acts  advantageously  in  nearly  all  mixtures,  but  the  use  of 
an  excess  of  the  silicon  softener  gives  similar  results  to  tliose  resulting 
from  the  use  of  too  little  of  that  material,  rendering  the  castings 
brittle  and  hard.  Phosphorus  increases  the  fluidity  of  pig  iron,  but 
induces  hardness  and  brittleness,  an  excess  must  therefore  be  avoided. 
Sulphur  exerts  an  almost  directly  inverse  action  on  pig  iron  to  that 
exerted  by  silic<'n,  tending  to  lead  to  the  formation  of  combined 
carbon,  and  to  harden  the  metal.  Its  presence  should  therefore  be 
avoided.  Manganese  also  leiids  to  the  formation  of  combined  carbon, 
and  reduces  t)ie  strength  of  the  iron,  bat  it  makes  it  more  fluid, 
removes  shrinkage,  and  renders  castings  clean.  With  irons  which 
carry  much  scrap,  np  to  1  per  cent,  of  manganese  is  an  advantage. 
The  well-known  Scotch  irons  contain  from  1*5  to  3  per  cent,  of  man- 
ganese.    Combined  carbon  increases  the  hardness  and  brittleness  of 
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cast  iron.  It  is  tuiially  preseut  when  there  is  but  little  silicoD  in  the 
metal.  Indeed  with  over  1  per  cent  of  silicon  it  h  difficult  to  pro- 
duce a  chill  The  carbon  in  pig  iron  conUining  less  than  1  25  per 
cenL  of  silicon  is  very  sensitive  to  the  least  addition  or  decres«e  of 
silicon^  as  to  the  relative  proportions  of  the  combined  and  the  tinoom- 
bined  carbon  m  the  resulting  castings.  Graphitic  carbon  means  wIV 
ness,  but  an  excess  frequently  leads  to  itDperfections  in  the  castings, 
and  to  the  formation  of  blow-holes  with  inclusions  of  graphite. 

Silicon  in  Foundry  Mixtures.— Mr.  W.  J.  Keep*  observes  that 

pliospliorus  and  manganese  in  the  percentages  usually  found  in  pig 
iron  have  but  little  influence  on  the  metal,  and  do  not  inflaence 
the  chill  Indeed,  in  some  cases  it  would  appear  that  the  cliilling 
tendency  which  some  irons  possess  is  independent  of  chemical  com- 
position, except  that  there  is  some  curious  relation  existing  between 
the  carbon  and  the  silicotic  The  greyness  of  the  castings  is  entirely 
due  to  the  silicon  present.  For  very  thin  castings  from  21  to  3  per 
cent,  of  silicon  will  give  the  best  results.  The  larger  the  percentsgerf 
graphite  after  the  iron  is  solid,  the  more  fluid  will  it  be  in  the  molten 
condition,  and  this  graphite  is  due  to  the  sUicon  present,  Phosphoroi 
has  been  said  to  render  iron  fluid.  This  tlie  author  thinks  is  an  in- 
accurate  observation,  but  he  believes  that  phosphorus  causes  the  iron 
to  remain  longer  molten.  Silicon,  by  rendering  the  iron  graphitic, 
reduces  the  shrinkage.  It,  too,  reduces  the  tendency  to  chill  wid 
it  softens  the  iron.  But  silicon  is  lost  during  fusion  in  the  cupola, snd 
it  is  driven  out  of  molten  iron  by  sulphur,  though  the  sulphur  docs 
not  stay  in  the  castings  but  does  the  harm  and  then  passes  out  The 
silicon  should  be  maintained  at  from  2|  to  3  per  cent,  if  an  uuiform 
soft  grey  praduct  is  to  be  made.  As  the  percentage  of  sUicon  in^ 
creases,  so  that  of  carbon  diminishes,  the  citing  growing  lights'  in 
colour.  The  grain,  too,  becomes  less,  and  with  15  per  cent,  of  silicon 
is  usually  absent  altogether.  Increasing  tlie  silicon  beyond  2j  per 
cent,  usually  does  harm  rather  than  good.  Machinery  castings  should 
contain  only  about  1 J  per  cent  of  silicon. 


The  Chemistry  of  Foundry  Processes. — Mr.  J.  Torry  t  discn^ 

th**  influfnce  of  the  furt^ign  elements  existing  in  or  added  to  foundry 
pig  iron  on  the  character  of  the  metal     He  shows  that  silicon  can  be  pre* 

*  Iron  Age,  toI.  I  p.  1126. 

t  The  American  Machinitl,  M»y,  12,  June  9,  1892 ;  /ron,  toL  U.  p.  5. 
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lent  in  two  difiTerent  forms,  ooe  itiflueQcIng  the  chill,  and  the  other  not 
•cting  in  this  manner.  Similarly,  too,  phosphorus  would  /ippear  to 
Ike  apt  to  occur  in  more  than  one  alio  tropic  form.  Then  again  tlie 
peuon  of  the  varioua  impurities  is  liable  to  be  greatly  inflmeuced  by 
'iJieir  mutual  presence.  The  autlior  has  made  a  series  f»f  experiments 
with  a  view  to  ascertain  whether  the  chemical  analysis  could  serve  as 
a  guide  in  judging  as  to  the  practical  value  of  a  foundry  iron,  and  be 
[decided  that  it  could  noL  Indeed  he  considered  that  a^  far  as  the 
results  of  the  tests  were  concerned  the  analyses  were  perfectly 
portlilesa,  the  indications,  if  any,  being  far  too  complex  and  obscure  to 
be  of  any  commercial  value. 


The  Truesdale  Cupola. — Tim  cupola  has  five  rows  of  tuyeres, 
In  ilie  bottom  row  are  two  tuyeres,  each  3  inches  in  diameter;  the 
iMIHid  has  fourteen  2  inch  tuyeres ;  the  third  fourteen  of  IJ-inch  ;  the 
fourth  fourteen  of  1^-incb;  and  the  ifth  an  equal  number,  but  of  still 
•mailer  diameter — 1  J-ineh* 

I  The  tuyere  openings  are  inclined  towards  the  cupola  bottom  to  pre- 
iTent  clogging^  and  the  difFereut  rows  are  aboiit  2 J  to  3  inches  apart. 
|The  wind  from  the  blower  is  conducted  to  the  cupola  by  a  pipe,  and 
veaches  the  tuyeres  through  an  annular  space  formed  in  the  lining. 
•There  is  a  slag  hole  in  the  rear.  The  cupola  stands  3  feet  6  inches 
ibove  the  floor  level  The  charging  openings,  two  in  mini  her,  are  1 2  feet 
€  inches  above  the  bed-plate^  and  about  2  feet  6  inches  above  the  scaffold 
kveL  The  cupola  is  designed  to  melt  with  coke  and  has  melted  about 
9  to  1  in  a  ca^t  of  20  to  24  tons  for  months  continuously.  The  iron 
fffoduoed  is  very  good,  and  the  repairs  necessary  are  inconsiderable.''^ 

Moulding  Cylinders  in  Dry  Sand.— Mr.  &  H.  Leonard  t  gives  a 
detaiied  account  of  the  method  of  moulding  a  steam  cylinder  in  dry 
taml  at  the  Bath  Ironworks.  The  cylinder  described  is  36  inches  in 
diameter  by  36-inch  stroke,  and  is  designed  for  a  liner  1  inch  thick. 
The  pattern  is  of  white  pine,  and  a  shrinkage  of  /^-inch  per  foot  is 
allowed.  The  method  of  building  up  the  pattern  is  fully  described, 
and  then  a  detailed  account  is  given  of  the  various  kinds  of  sand  em- 
plojed  and  uf  the  method  of  moulding.  The  cupola  and  its  charge  are 
also  mentioned.  The  system  wa^  used  for  some  fourteen  cylinders,  all 
of  which  were  successful  castings. 

•  /rtMi  Afft,  ToL  xlix.  p.  80U. 

t  Journal  c/the  American  StteUty  of  Ntmd  E7iffmeer§,  voL  iv,  i»|i.  150-172,  with 
thrt«  pUteiu 
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A  similar  detailed  deacnption  is  also  given  by  Mr.  Q.  H.  Kearu}  * 
of  the  method  of  moulding  in  loam  and  casting  the  cylinders  for  ih 
cruisers  Cindnnaii  and  Ealeigh  at  the  Navy  Yard,  New  York  The 
work  of  building  up  the  mould  for  one  of  the  low-pressure  cylinden 
is  given  at  kngth.  The  mould  for  the  exterior  surface  is  first  built  up 
round  a  **  dummy,''  which  is  then  removed  and  replaced  by  a  core 
Full  details  of  the  sand»  of  the  method  of  building,  moving,  and  drying 
the  moulds  are  given,  and  also  of  the  actual  casting  process. 


Contracting  Chils  for  Cast  Iron  Wheels.— The  contraciing 
chill  for  cast-iron  wheels  lias  now  come  into  very  considerable  use,  eis 
shown  by  a  committee  report  to  the  Master  Car-builders, f  thouiih  iU 
value  is  still  disputed.  This  form  of  chill  is  so  arranged  that  it  does 
not  expand  when  the  hot  metal  is  poured  against  it.  In  some  cases  it 
is  warmed  before  using,  but  iu  most  forms  it  is  cooled  by  the  circula- 
tion of  water  or  air,  although  other  means  of  cooling  are  used.  There 
are  several  forms  in  constant  use.  The  committee  above  referred  to 
has  received  tlie  replies  to  a  circular  from  some  sixteen  railways  and 
thirteen  wheel-makers  relating  to  the  form  of  chill  they  use,  the  sub^ 
sequent  treatment  of  the  wheels,  and  the  advantages  or  otherwise;,  h 
seems  that  an  inferior  quality  of  iron  cannot  be  employed  with  advan 
tage,  but  that  probably  more  old  material  may  be  used. 

Castings  in  Iron.— At  a  recent  meeting  of  the  Boyal  Institute  of 
British  ArcluiecLs  ^  four  papers  on  the  subject  of  castings  in  metiU 
were  read,  Mn  H.  Longden  described  casting  in  iron  and  brasi, 
giving  an  account  of  the  method  of  casting,  with  a  description  of  th« 
patterns,  cores,  and  casting-boxes  required.  The  necessary  points  to  be 
observed  in  designing  castings  were  mentioned,  and  the  scope  of  tfa* 
ornamentation  and  of  the  application  of  iron  castings  were  discuastjd* 
Some  account  was  given  in  the  subsequent  discussion  of  varioos  oVA- 
mental  and  other  ca&tinsjs  that  have  been  made. 


The  Eeynolds  MoElding  Machine-— In  this  arrangement 
mud  is  pressed  into  the  fljisk  by  the  aid  of  a  leven  After  filling ifa* 
flask  with  sand,  a  presser-board  is  placed  on  top,  and  a  presser-plit*; 
thrown  into  position  above  it,  the  presser  lever  being  then  broag^^ 

•  Journal  of  the  Anurkan  S^ktif  of  Naval  Engine^rtf  toL  iv.  pp»  37<p-30S,  •* 
[>Ute. 
t  Meeting  %%  3iurftiogA»  New  York,  June  1B93 :  En^inetrini^  N^emi,  voL  xxrii.  V-^^ 
^  J^roeetdiwjs,  vol  vUL  pp.  31J>-327. 
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forwards  to  a  position  in  which  toggle  arms  operated  by  it  are  straight- 
ened to  depress  a  swinging  bail,  drawing  down  the  presser-plate  and 
firmlj  packing  the  sand.  The  machine  is  so  constructed  that  it  can 
be  placed  on  brackets  or  on  a  moulder's  bench.  ^ 

Oasting  Sand. — F.  Patrick  f  endeavours  to  render  any  ordinary 
sand  suitable  for  foundry  moulds.  His  process  consists  in  bringing 
the  sand  to  grains  of  uniform  size,  and  then  mixing  it  with  coal  tar 
or  liquid  asphalt.  The  tar  is  first  heated  and  mixed  with  an  equal 
quantity  of  hot  water.  This  mixture  is  poured  over  the  spread-out 
sand,  which  is  then  dried,  and  can  be  used  for  all  foundry  purposes. 
The  proportions  found  to  answer  best  in  practice  are  5  parts  of  tar, 
5  parts  of  water,  and  100  parts  of  sand. 

*  Iron  Age,  vol.  xHx.  p.  497,  four  iUoBtrations. 

t  Dingier  8  PolyitehnUchet  Journal,  vol.  cclxxxiii.  p.  200. 
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Iron  HaniLfactiu*e  in  India*— Im  an  account  of  the  iron 

facture  of  iDdia,  C,  von  Schwartz^  describes  the  native  methods  of 
making  iron*  In  KerawU,  Rajputana,  a  long»  narrow  reverbatoty 
furnace  is  used.  The  fireplace  has  two  openings  for  the  nozzles  of 
the  bellows,  and  is  fed  with  cliarcoal  The  ore  is  arranged  in  heaps  on 
the  hearth,  and  is  covered  with  fine  charcoal.  About  200  lbs.  of  m 
Is  chargefi,  and  the  blast  is  continued  for  six  to  eight  hours,  Ths 
bloom  thus  obtained  is  refined  and  cut  up.  The  workmen  ssyth^t 
during  the  cool  east  wind  the  yield  of  iron  is  greater  than  during  the 
warm  west  winds.  In  the  Kassia  Mi mti tains  in  Assam,  fine  magnetic 
sand  from  the  brooks  is  washed,  and  then  sticks  and  leaves  are  co^teJ 
with  it  and  dried  in  the  sun.  The  sticks  are  then  charged  into  tlie 
furnace.  In  Palamow,  conical  shaft  furnaces  built  of  clay  are  us^tl, 
and  the  blast  is  supplied  by  foot-bellows. 

Native  Manufacture  of  Iron.— An  illustration  is  given  hj  Hi- 
J.  T»  Beiitt  of  a  furnace  with  the  bellows  and  tuyeres  used  for  the 
manufaciure  of  iron  at  Kunzi's  Kraal,  situated  in  ktitutie  18*S.iii<l 
longitude  31i*  E.,  in  South  Africa.  The  furnace  is  a  type  of  those 
used  in  a  considerable  district,  and  the  industry  is  of  great  aDtiqaitr> 
beiug  mentioned  by  Arabian  writers  close  upon  a  thousand  years  ftg^* 
The  furnace  is  somewhat  of  a  flattened  dome  shape,  with  a  Aot^ 
conical  chimney,  and  open  in  front,  with  wings  on  each  side  of  ^' 
opening,  where  it  is  rudely  decorated^  The  ore,  which  contains  mucH 
manganese,  is  obtained  from  the  mountains  and  crushed,  Charcoil  tf 
uaed  as  the  fuel,  and  the  goatskin  bellows  are  worked  by  hand.  Tbf 
iron,  when  taken  from  the  furnace,  is  worked  with  stone  hammerf- 

The  Springfield  Ironworks. —At  this  ironworks,  which  is  sitoited 
at  Springfield,  Illinois,  the  Henin  gas  process  ts  in  successful  opeittioo* 

^  ZtiUchrifi  dtt  OttterrrichucKen  Ingmieur  utid  ArchiUchten  Frreinef,  MfticbltiJ 
i  '*  TKe  Ruined  Citiefi  af  MAshoo&laDd/'  L«>Qdoii,  1892,  p,  3(»8. 
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Five  producers  are  in  use,  the  by-products  being  utilised  in  the  manu- 
facture of  ammonium-sulphate.  A  large  number  of  puddling  furnaces 
exist  at  these  works,  and,  far  from  falling  into  disuse,  they  are  being 
rebuilt,  and  a  larger  squeezer  is  being  erected,  all  the  main  wearing 
parts  of  which  are  of  steel.* 

A  Mexican  Ironworks. — An  ironworks  is  about  to  be  erected 
at  Chihuahua.  It  will  comprise  eleven  puddling  furnaces,  with  two 
acrap  and  two  heating  furnaces.  Twenty-five  nail  machines  will  also 
1)6  erected.  This  plant,  which  has  been  purchased  in  the  United 
States,  will  be  put  up  by  American  workmen,  t 

♦  Iron  Age,  vol.  xlix.  p.  612.  f  Ibid.,  p.  828. 
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Ingot- Charging  Crane* — A  novel  ingot^hargtng  crane,  de&iga«4 
by  a  tirm  iiear  LecMU,  has  recently  btsen  illuatratetL^  It  is  intended 
for  picking  up  ingots  and  charging  them  direct  into  the  rehpaiing 
furnace,  and  also  for  feeding  the  rolls  witli  the  heated  ingot&  It  bat 
five  tnotions :  travelling  on  the  rails,  cliari^'ing  and  withdrawing  the 
ingot,  and  also  revolving,  lifting,  and  gripping  iL  The  charging  arm 
haa  a  travel  of  10  feet,  and  can  deal  with  an  ingot  8^  feet  long&nd 
weighing  5  tons. 

New  American  Plate-Mills.— A  mill  is  being  erected  at  Harris- 
burg,  Pernisjlvunia,  for  the  roHiug  of  hcavj  plates.  It  is  to  be 
equipped  with  a  set  of  rolls  34  inches  in  diameter  and  132  bcbei 
long,  d liven  by  a  coniprjund  Corliss  engine  witli  28-inch  and  bi*m^ 
cylinders  and  a  5- foot  stroke.  This  mill  will  be  521  feet  io  lengtii, 
tmd  will  enable  the  output  of  the  existing  plant  to  be  increased  from 
50  to  300  tons.t 

The  largest  plate-mill  in  the  United  States  is  that  recently  completed 
by  the  Wellman  Iron  and  Steel  Company,  of  Tlmrluw,  Pr*nnsylvaaia» 
It  is  served  by  heatitjg  furnaces,  designed  by  Mr,  S.  T.  Welltnan. 
Along  these  runs  a  cliarging  machine  of  special  design^  which  delivers 
the  ingots  to  the  auxiliary  feed-table,  from  which  they  are  taken  to  the 
mill-table  and  rolled.  The  rolled  plates  are  taken  laterally  to  the 
shear-table  by  an  overhead  plate-conveyer.  The  three  plate-milla  are 
served  by  a  30-ton  Morgan  electric  crane  with  an  electric  brake.  Tbi* 
crane  has  handled  the  heavy  housings  of  the  train,  which  are  greater 
in  weight  than  the  nominal  capacity  of  the  crane.  Rolls  can  be  chmg^^ 
in  from  eight  to  tea  ho^irs.  A  sheet  of  drawings  relating  to  tbw 
plate-mill  has  appeared  in  the  Iron  Age.X  The  rolls  are  132  incbea 
long,  the  upper  and  bottom  rolls  34i  inches  in  diameter,  and  the 
middle  roll  20  inches.     The  upper  roll  is  held  up  against  the  screw 

•  Indttitriet,  vol  xiii.  p.  133.  f  Iron  Afft^  vol.  xlut.  p,  8S& 

♦  Vol  x\ix.  p.  012, 
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bf  four  couDtei'lmlance  levers  wMch  pass  tbrou^h  the  foundations,  the 

weights  hanging  in  a  pit  outside.     The  middle  roll  is  worked  by  a 

hjdrauiic  cylinder  through  bell-cranks  and  their  connections.     Under 

the  lower  bearing  at  each  end  of  the  bottom  roll  ia  a  wedge,  the  pushing 

oat  of  which  will  lower  the  roll  about  half-au-iiicli,    Tliese  wedges  are 

irorked  by  a  24-inch  hydraulic  cylinder,  immediately  under  the  roll, 

through  two  bell-crank  levera.    The  rolta  may  thus  be  relieved  instantly 

in  case  of  accident.     The  screws  are  worked  by  a  double  direct-acting 

tngine,  the  fine  adjustments  necessary  in  hnishing  the  plate  being 

tDade  by  hand.     The  table  rollers  are  driven  direct  by  a  double  hori- 

lontal  engine.     The  engine  driving  the  train  ia  a  Wetlierill-Corlisa 

^gine  with  Porter  bed-plate.     The  cylinder  is  40  inches  in  diameter 

|Dy  60-inch  stroke.     The  train  can  roll  plates  70  feet  long,  and  is  capable 

of  prodnciug  any  widths  up  to  1 26  inches. 


Large  Chilled  Rolls,— The  Farrel  Foundry  Company,  of  Connec- 
^ut,  haa  made  a  pair  of  chilled  rolls  31  inches  in  diameter  in  the 
roQgh  and  156  inched  long  on  the  face.  In  the  rough  each  weighed 
ihout  20  tons.  They  were  cast  solid  and  tlien  bored  out  for  their 
entire  length  to  5  inches  diameten  Other  and  longer  rolls  have  since 
Taeai  produced  at  this  foundry.^ 


Ralling-BIill  Engine. — Illustrations,  including  a  side  elevation 
and  plan,  of  a  new  roiliiig-miil  engine  have  been  published. t  The 
«t«4i]i  cylinder  has  a  diameter  of  24  inches,  and  the  stroke  is  36  inches  ; 
th«  working  speed  is  seventy  revolutions.  The  tiy-wheel  is  12  feet  in 
diAmeter  and  weighs  6  tons.  The  crank-shaft  is  of  mild  steel  8  inches 
in  diameter.  Link  motion  reversing-gear  with  plain  slide  valves  is 
iJied.  The  cylinder  ia  cast  separate  from  the  steam-chest,  and  is  lined 
^ith  a  separate  cast-iron  liner 

Large  Ingot  Extractors,— There  are  being  manufactured  at  Gays- 
lori,  Pennsylvania,  two  ingot  extractors,  each  of  which  will  weigh  20 
tons  when  completed,  for  use  in  the  steel-converting  department 
k)f  the  Cambria  Iron  Company  at  Johnstown,  Each  extractor  has  a 
Hydraulic  cylinder  with  a  ram  connection.  An  aaxiliary  cylinder  and 
mm  are  attaclied  to  bring  the  former  ram  back  into  position  after 
irtncting  the  ingot  from  the  mould.     The  bed-plate  for  this  hydraulic 


1892.— ii. 


•  Inm  Affc,  ^ol,  xUx.  p.  305. 

t  JSnsfinecnnff,  voL  Uv.  pp.  132-134. 
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machinery  weighs  12  tons.  Two  wrought-iron  bolts,  each  10  inches  in 
diameter  and  17  feet  long,  connect  the  bed-plate  and  the  hydraulic 
cylinders.* 

The  Schultz-Knaudt  Oompanjr's  Works.— Some  of  the  plant 

at  the  Schultz-Knaudt  Company's  boiler  works  is  illustrated.!  This 
company  buys  steel  but  possesses  sixteen  puddling  furnaces.  There 
are  nine  boilers,  30  by  7  feet,  in  addition  to  which  there  are  thirteen 
boilers  heated  by  the  puddling  fumacea  Slabs  and  ingots  are 
heated  in  six  Siemens  gas  furnaces  and  four  solid  fuel  furnaces. 
The  two  5-ton  steam-hammers  have  box  girder  wrought-iron  hous- 
ings. The  principal  rolling-mill  is  driven  by  two  36  by  54  inch 
cylinders.  There  are  three  pairs  of  housings,  the  rollers  being  84, 
115,  and  138  inches  long,  the  latter  having  a  live  roller  feed.  Four 
sets  of  shears  are  provided,  the  largest  cutting-plates  up  to  If  inch  in 
thickness.  Its  blades  are  only  24  inches  long ;  as  it  is  often  used  for 
irregular  forms  the  short  blades  are  found  more  economical.  The  out- 
put is  1000  tons  per  month,  about  300  tons  being  sold  in  a  finished 
state.  Machine-flanged  boiler  ends  are  made  on  a  large  scale.  Cor- 
rugated flues  are  also  made  in  a  special  form  of  bending-mill,  which  is 
fully  illustrated  by  detail  drawings.  Water-gas  is  used  when  welding 
the  seams. 

*  The  Jolitistoicn  Tribune;  througli  the  Iron  Age^  vol.  xlix.  p.  828. 
t  EnginccHng,  vol.  liv.  pp.  281,  288,  2b9.  291,  351-353. 


Steel-Makmi^  in  the  Salem  District,  India. —Itt  a  report  tm 
the  iroD  industry  of  Salem,  Mr.  T.  H.  Holland  *  states  that,  althoii'^lj 
at  the  present  time  botli  wrought  iron  and  steel  are  being  manufac- 
tured by  pariahs  in  the  Salem  ilistrict,  he  nowhere  foi^nd  steel  (wootz) 
i  being  made  in  crucibles,  as,  according  to  previous  writers,  was  the  case 
'when  the  industry  was  in  a  more  flourish  in 
I  ever,  is  still  being  made  in  the  adjoining  district  of  Trichinopoly, 

The  process  of  manufai'turii)g  wrought  iron  is  sim[)ly  a  very^ 
rimitive  form  of  the  Catalan  or  Bloomery  process.  The  process 
(of  smelting  one  bloom  occupies  two  or  three  hours,  the  resulting  iroij 
Weighing  18  lbs.  The  process  of  mining  the  ore  is  extrenoely  waste- 
tuh  Only  the  well-disintegrated  and  rotten  pieces  of  quartz  magnetite 
Jicliist  are  used.  In  dressing  the  ore,  tlae  large  fragments  are  crushed 
(with  a  tiat  hammer,  and  when  sufficient  materisd  has  been  accumulated 
htbe  crushed  rock  is  winnowed  by  pouring  out  of  a  basket  in  a  strong 
prind.  Towards  the  end  of  the  concentrating  process  the  fragments 
livhich  find  their  way  to  the  lip  of  the  basket  are  compound  grains 
I  ©f  quartz  and  magnetite.  These  are  dropped  back  upon  the  pile  for 
I  recrusbiDg  instead  of  being  thrown  away  with  the  quartz  waste. 
\  When  the  magnetite  is  well  concentrated  it  is  taken  in  this  stat€  to 
the  furnace,  but  has  still  to  be  recrushed  and  sifted  before  it  is  fit  for 
imelting.     The  last  process  is  carried  on  near  the  furnace. 

*  Meeardt  of  the  Ot&loffkal  Survey  of  Indian  vol.  ulv.  pp.  13<^159. 
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The  method  uf  makiug  steel  by  the  carburi&atioo  of  wrought  iroB 
ill  cmcibles  is  in  vogue  in  Tnchinopoly  where  the  conical  ingots  of 
wootz  are  still  made,  whilst  the  flat  cakes  of  steel  now  being  madt;  in 
the  Salem  district  are  produced  bj  the  partial  removal  by  oxidaUoiii 
of  the  carbon  in  cast  iron.  In  the  manufacture  of  wrought  iroa  in 
Salem  certain  easily  fusible  I>ead8  of  iron  are  produced  and  melt  off  as 
shot.  These  are  in  reality  highly  carburised  particles^  and  it  is  from 
these  that  the  steel  is  made.  The  beads  are  first  pounded  in  a  stODe 
mortar  with  a  wooden  pole  guarded  with  an  irou'  ring,  the  powdered 
slag  material  being  separated  by  silling.  A  bole  is  dug  in  the  ground 
about  1  foot  deep  an<l  1  foot  in  diameter,  and  at  one  side  a  semi- 
circular groove  is  excavated  from  the  surface  of  the  bottom  of  the  pit 
A  large  cake  of  soft  clay  serves  to  divide  this  small  excavation  from 
the  other  part  of  the  pit,  and  the  smaller  chamber  serves  as  the  finery 
in  which  the  steel  is  made.  The  bottom  of  this  is  first  covered  with 
a  layer  of  dirty  quartz  obtained  from  sifting  the  crushed  ore.  There 
are  generally  pieces  of  magnetite  adhering  to  this  quartz,  which  fact 
accounts  for  the  particles  of  ore  in  the  steal  produced.  On  this  hearth 
of  quartz  an  ignited  coal  i,s  placed  and  the  chamber  filled  with  charcoal. 
A  tuyere,  previously  built  in  with  the  clay  partition,  points  downwards 
at  an  angle  of  45^,  and  receives  the  nozzles  of  two  goat-skin  bellows, 
by  which  a  continuous  blast  is  Tnaintiiined.  The  heads  are  first 
wetted  and  then  thrown  upon  the  charcoal,  the  amount  used  being 
determined  by  guess-work.  The  blast  is  continued  for  half  an  hoar 
when  the  process  of  decar'ourisation  is  complete^  and  the  tuyere  and 
clay  partition  broken  down  for  the  removal  of  the  steel  cake,  which  i» 
first  slightly  cooled  by  a  dash  of  water,  and  then  hammered  to  remove 
the  casing  of  slag  which  has  formed  around  it.  The  cakes  of  steel  ar« 
sold  for  four  or  live  annas  each. 

In  the  Salem  district  iron-smelting  is  confned  to  the  Salem, 
Trichengode,  and  Attur  taluqs.  At  most  of  the  places  where  ameltiDg 
is,  or  has  been,  carried  on,  large  heaps  of  ashes  and  slag,  10  to  20  feet 
high,  were  noticed^  with,  in  one  or  two  cases,  trees  of  a  foot  or  mors 
in  diameter  growing  on  them. 

fiteel  Castings, — A  Ledebur  *  discusses  the  paper  on  this  subject 
reaii  by  Mr.  IL  L.  Gantt  before  the  American  Institute  of  Mechanicsl 
Engineers,  In  that  paper  reference  was  made  to  various  objections 
which  have  been  raised  partly  as  regards  the  trustworthiness  of  steel 

•  Siakl  und  Eitrn,  ▼ol.  xiL  pp.  401-406. 
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eastingB,  and  partly  os  to  the  difficulty  uf  obtaining  &n  accnrate  caating. 
The  author  suggested  that  the  metal  should  be  cast  as  hot  as  poasiblp, 
but  the  accuracy  of  this  advice  is  doubted  by  Ledebur,  Next,  Gantt 
states  that  the  casting  must  be  very  carefully  annealed,  a  heavy  acale 
resulting,  which  leaves  the  surface  of  the  casting  rough,  Ledebur 
observes  that  this  heavy  scale  is  probably  due  to  faulty  annealing, 
aa  be  has  seen  many  German  steel  castings  with  an  extremely  good 
surface  after  annealing.  To  allow  for  contraction  Gantt  BUggests  an 
allowance  of  from  ^^  to  ^^^  and  with  heavy  castings  ^  inch,  and 
for  the  mechanical  treatment  of  heavier  castings  from  ^  to  J  inch. 
The  question  of  blowholes  is  also  referred  to,  and  Ledebur  points  out 
that  in  good  castings  the  percentage  of  silicon  rarely  exceeds  0"3  and 
that  of  manganese  0%  and  as  the  extreme  admissible  limit  for  cast- 
ings containing  0  5  per  cent,  of  carbon,  0*6  of  silicoti,  and  1*2  of 
manganese.  To  obtain  a  good  casting  the  upper  parts  should  be  the 
thicker,  and  the  head  should  be  large,  and,  to  avoid  cracks  on  cooling, 
as  simple  shapes  as  possible  should  be  employed,  and  at  the  dangerous 
places  an  iron  bracket  or  pin  should  be  placed  to  cause  the  more 
rapid  solidification  of  the  metaL  The  metal  of  unannealed  steel  i 
castings  resembles  over-heated  hammered  steel,  but  annealing  toughens 
it.  To  prevent  too  rapid  wear  hard  metal  should  be  used  for  the 
easting;  but  this  has  a  tendency  to  show  blowholes.  Silicon  and 
manganese  should  be  added  to  prevent  this,  but  an  excess  of  these 
elements  is  dangerous.  The  percentage  of  carbon  should  vary  from 
0*6  downwards,  according  to  the  use  to  which  the  casting  is  to  be  put. 


u 


Jt—TffE  OPEN-HEAETH  PROCESS, 


The  Sehonwald  Open-Hearth  Furnace.— At  Friedenslmtte,  Ger- 
many, an  open-hearih  liirnace  was  remodidled  on  the  Sehonwald  system. 
It  went  into  work  on  November  14,  1891,  and  w;is  never  out  of  fire 
on  til  July  11,  1892.  During  this  period  it  made  712  charges  in  205 
working  days  of  24  hours,  the  production  amounting  to  S562  tons  of 
ingot  metal,  chiefly  very  soft.  The  daily  outturn  was  thus  408  tons. 
In  5D4  charges  the  metal  produced  had  less  than  O'l  per  cent  of 
carbon,  and  only  15  of  the  total  712  resulted  in  metal  with  more 
than  0*2  per  cent,  of  carbon.  The  average  campaign  before  recon* 
iitructlon  did  not  exceed  more  than  200  charges.^ 
•  SUnhl  und  Mism,  toL  xii.  p.  759, 
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New  Form  of  Open-Hearth  Furnace*— Drawings  are  published* 
of  ail  open-li earth  furnace  erected  at  the  works  of  the  Linden  Siwl 
Company,  Pittsburgh*  It  is  intended  that  natural  gaa  shall  alone  be 
iiaed  in  this  furnace.  A  Dumber  of  difficult  conditions  had  to  be  met 
wlien  designing  the  furnace.  Especial  care  was  given  to  the  design 
ol"  the  regenerative  chambers,  which  are  horizontally  arranged,  the  !«■ 
versing- valves  being  placed  low  enough  to  secure  a  good  natural  draught 
and  to  obviate  the  use  of  blast. 


The  Noble  Oas  Furnace.— Illustrations  are  published  t  of  an 
open-hf'arLh  furnace  erected  in  California,  and  so  constructed  as  to 
be  adapted  to  a  space  more  than  usually  cramped.  The  valves  m 
directly  beneath  the  hearth ;  the  air  and  gas  flues  leading  from  the 
valves  to  the  regenerative- chambers  course  direct.  In  ten  hours  the 
fireman  heats  in  this  furnace  175,000  lbs.  of  cold  164nch  ingots^  and 
produces  147,000  lbs.  of  7-iuch  blooms,  not  including  clippings.  It  is 
thought  that  with  the  aid  of  a  new  charging-machine  the  output 
blooms  will  be  increased  to  184^000  lbs.  in  ten  hours.     The  furnace 

ifved  by  six  Wellman  gas-i>roducerB. 


Tipping  Open-Hearth  Furnace.— A  section  of  a  tipping  open 
hearth  timjace,  deigned  liy  Messrs.  H.  Aiken,  F.  W.  Wood,  and 
H.  IL  Ciimpbell,  has  been  published.*  The  hearth  is  built  on  a  metal 
framework  with  a  lower  curved  side  running  on  a  series  of  free  rollers. 
The  ports  ace  arranged  on  the  axis  of  the  furnace,  so  that  their  area 
does  not  vary  as  the  furnace  is  moved. 

An  Open-Hearth  Furnace  Becord, — What  is  stated  §  to  be  a 

record  perforroatice  for  an  open-li earth  working  with  producer  gas  and 
light  scrap  has  been  recently  made  by  tlie  No.  4  open-hearth  furnace 
of  the  Phceaix  Ironworks^  Phcenixville,  United  States,  lu  six  days 
this  furnace  made  eighteen  heats  of  under  0"14  carbon  steel,  using  33 
per  cent,  of  pig  iron.  It  is  a  20- ton  furnace,  and  the  total  output  ia 
the  six  days  referred  to  was  389  tons. 


IS 
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The  Carbon  Iron  Company,  Pittsburgh,— At  these  works  a 
lew  plant  is  being  erected  wiiich  includes  two   25- ton  open-hearth 

'  Iron  Affty  Tol.  xlii.  p.  857.  four  iUuBtnbtion*.  

t  Ifjid't  ToU  1.  p*  101,  three  il lustra tiout. 

nttrinp  mid  Minwg  jQurnal,  voL  Ut.  p.  20Sk 
n  Affe,  vol.  xlix.  p.  675. 
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fnniaces,  the  present  platit  including  two  15-ton  and  two  30-toii  fur- 
JUees,  A  new  3>high  plate  niill  k  to  be  1 24  inches  long  and  34  inches  in 
diameter,  capable  of  rolling  plates  from  2  inches  to  \  ineh  in  thickness ; 
lUe  cooling  tables  for  cooling  the  plates  will  he  375  feet  long.  The 
[i^ljusting-screws  of  the  mill  are  to  be  opt'rated  by  electric  motors.  A 
lifting  or  tilting  table  will  also  be  erected  to  enable  the  bottoms  of 
!the  plates  being  inspected  before  shearing.  No  such  appliance,  it  is 
aught,  is  in  use  for  this  purpose  at  any  other  works,  Three  3-hole 
ieaking-pit  furnaces  will  be  put  in,  each  hole  measuring  4  feet  6  inches 
feet  (i  inches.  The  shear  fur  cutting  the  ])lates  will  have  136 
gap,  and  will  be  capable  of  cutting  plates  120  inches  long  by 
;2  inches  thick.  An  electric  trayelling-crane  will  span  the  soaking- 
piu^  another  will  be  erected  over  the   3-high  train  and  engine  for 

F "hanging  the  rolls,  and  a  third  will  be  erected  in  the  shipping  depart- 
ent  to  permit  the  ready  handling  of  heavy  materials.  The  electric 
,cxau68  are  of  the  Shaw  type.  The  dynamos  will  be  of  over  200  horse- 
power. Wlien  in  complete  running  order  the  works  of  the  Carbon 
^ron  Company  with  this  additional  plant  will  be  able  to  turn  out  from 
[275  to  300  tons  of  plates  per  day.* 

▲  New  American  Steel  Foundry.— The  Penn  Casting  Company 

^ Chester,  Pennsylvania,  are  largely  increasing  their  existing  plant.  A 
iiplete  modern  steel-casting  plant,  with  all  the  most  recent  improve- 
xnents,  is  being  fitted ;  the  foundry  is  being  enlarged  to  the  extent  of 
§45  by  100  feet,  while  an  addition  of  40  by  40  feet  is  to  be  made  to 
the  engine  and  boiler  house.  A  new  gas-house,  40  by  48  feet,  is  in 
Kouna  of  erection ;  two  15-ton  open-hearth  furnaces  and  six  gas-pro- 
ducers are  being  built,  as  well  as  four  large  drying-ovens;  and  two 
25-ton  electric  cranes  will  be  placed  in  the  workshops.t 

BftsiC'Steel  Castings, — These  are  now  being  made  by  the  St, 
Louis  Steel  Foundry  Company.  J  The  company  first  began  to  make 
steel  castings  by  the  crucible  process,  which  they  found  so  slow  that 
they  went  to  the  other  extreme  and  put  in  a  Bessemer  converter.  But 
the  steel- casting  business  was  found  to  be  unsuited  to  a  steel-convert- 
ing process,  which  requiretl  a  continuous  output  in  order  to  secure 
good  economic  results.  The  open-hearth  furnace  was  then  substi- 
'tuied,  and  was  found  to  come  closer  than  any  other  process  to  the 
results  desired.     In  regular  work^  however,  unexpected  troubles  were 


•  Iron  AffCj  ToL  xUx.  p.  675, 


t  Ih\d.,  p.  879. 
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encountered*  Although  the  best  grade  of  pig  iron  was  used,  very 
low  ia  phosphorus,  the  castings  after  a  time  became  60  brittle  Ihtt 
there  was  much  complaint.  On  thorough  investigatioD,  based  on 
analyses  of  the  material  treated  at  erery  stage,  it  was  ajscertained  that 
the  very  small  contents  of  phosphorus  originally  in  the  pig  iron  wei« 
never  lost.  The  gates  and  risers  being  much  greater  than  in  iron  cast- 
ings^  and  being  put  back  in  the  furnace  with  each  fresh  charge,  coo- 
tained  a  larger  percentage  of  phosphorus  than  did  the  original  pig  troo, 
in  consequence  of  the  diminution  in  bulk  through  waste.  The  result 
was  that  the  contents  of  the  furnace  were  growing  richer  in  phoaphoroi 
with  every  fresh  charge.  Open-hearth  steel  blooms,  specially  low  ia 
phosphorus  and  necessarily  high  priced,  were  purchased  to  orercoms 
this  trouble,  and  formed  part  of  the  charge ;  but  the  trouble  was  not 
surmounted.  It  was  found,  as  has  been  reported  by  other  experimenUns, 
that  the  phosphorus  would  segregate  and  be  found  in  greater  abond- 
ance  in  some  castings,  or  in  some  parts  of  a  castiogi  than  in  others, 
causing  great  irregularity. 

The  material  now  used  in  the  basic  open-hearth  beloDging  to  this 
company  is  Tennessee  charcoal  f\^  iron,  containing  about  0  05  per  cent 
of  silicon,  from  0*2  to  0  3  of  phosphorus,  and  but  little  sulphur.  The 
steel  castings  produced  from  this  metal  contain  only  from  0'02  to  0^05 
of  phosphorus,  and  this  percentage  would  be  still  lower  were  it  oat 
for  the  phosphorus  contained  in  the  ferro- manganese  employed.  The 
open^iearth  used  takes  a  charge  of  9000  or  10,000  lbs.  The  dolomite 
used  for  tha  furnace  lining  is  from  Tennessee.  It  contains  but  very 
little  silica,  about  54  or  55  per  cent,  of  calcium  carbonate,  and  44  of 
magnesium  carbonate.  When  calcined  it  is  ground  and  then  mixed 
with  tan  In  casting,  a  ladle  is  used  of  sufficient  size  to  take  the  nhole 
contents  of  the  furnace,  the  ladle  being  first  heated  to  a  white  heat  by 
means  of  an  oil  and  air  burner,  as  the  castings  made  are  usually  very 
low  in  carbon.  All  castings  are  annealed,  and  these  are  found  to  gi^rt? 
excellent  results  when  submitted  to  mechanical  test. 

The  WeUman  Heating  Furnace.^ Full  drawings  of  this  fumsee 

appear  in  the  Iron  Age*  The  furnace  is  of  the  ordinary  Siemens  typc^ 
but  with  some  modifications,  Only  one  half  of  the  regenerator  ii 
below  the  furnace.  The  valves  are  aboveground,  and  are  placed  twilr 
side  the  main  building.  They  are  single  poppet  valves  of  the  Hyiti 
type,  and  are  worked  by  small  compressed  air  cylinders  placed  imme(& 

Vot  xlix,  pp.  890-^22,  fire  iHustmtionB. 
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\j  over  the  valves  and  connected  directly  with  them.     The  large 

toore  of  the  furaace  are  also  lifted  by  compressed  air.     The  ftiroace 

are  31  feet  3  inches  long  by  7  feet  in  breadth.     Each  furnace  has 

doors  each  7  feet  in  lengtli.     The  roof  ia  very  high  from  the 

im,  and  the  two  furnaces  at  the  works  at  Thiirlow,  Pennsylvania, 

turned  out  over  100  tons  in  twelve  hours,  the  ingots  being  charged 

to  the  furnace  cold,  and  being  in  moat  cases  heated  nearly  to  a  weld- 

llg  heat     The  producers  used  at  these  works  are  the  ordinary  circular 

HToducers  of  the  Well  man  tyjie. 

The  Walrand  Process.^ — The  Walrand-Legenil  process  is  atated 
be  in  active  operation  at  the  Leg^nil  Foundry,  Paris,  A  650db. 
sharge  of  metul  is  blown  for  from  eight  to  twelve  minutes,  5  per  cent. 
rf  ferro-silicon,  containing  10  per  cent,  of  silicon,  is  then  added,  and 
iie  blowing  continued  for  a  minute  or  a  minute  and  a  half,  when  the 
pharge  is  poured,^ 


111— THE  BESSEMER  PROCESS. 


* 

kjXhe  Acid  Bessemer  Process.— A,  Kaysser  t  discusses  the  question 

Pvlo  the  linings  of  acid  cuuverters.  At  the  works  of  the  Sociedad  de 
Altoi  HornoSy  at  Bilbao,  the  difficulty  is  the  greater  in  that  all  the  fire- 
miating  material  required  at  the  works  is  brought  from  the  United 
Kiogdom.  The  author's  endeavour,  wlien  engaged  as  the  manager 
of  the  steel-making  department  at  these  works,  was  to  lengthen  the 
fife  of  the  bottoms  and  of  the  lining  of  the  converter  body*  For  this 
purpose  tt  was  necessary  to  consider  what  were  the  substances  which 
itt^eked  this  lining  in  addition  to  iron  and  matigatiese.  If  these  were 
tte  only  substances  present  in  the  iron  charged  into  the  converter 
which  attacked  the  lininir,  then  that  pig  iron  made  at  the  works  which 
coDUined  the  largest  qiiantity  of  manganese  should  have  had  the  most 
deitructive  effect.  This,  however,  was  far  from  being  the  case,  and 
the  author  ws^s  finally  led  to  the  conclusion  that  there  must  be  some 
OtW  attacking  agent  present  in  the  pig  iron.  Analysis,  as  he  antici- 
pated, proved  the  presence  of  both  calcium  and  magnesium.  The  iron 
wm  not  examined  for  oxygen,  so  that  it  is  just  possible  that  both  the 
Mddiim  and  the  magnesium  may  have  been  present  in  the  iron  as 

*  Iron  Afft,  voL  xlix.  p.  44&    See  Journal  of  ihe  Iron  and  Steel  ImiUuU,  1892,  No.  L, 
k  431, 
I  i  OetterftichiKhe  ZeiUchrift  fUr  Berg-  und  SUitenwescnt  vol  ^U.  pp.  266-859. 
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entanglfid  slag.  Still  the  author  does  cot  believe  this  to  have  been 
the  case,  and  he  points  odt  as  a  reason  for  bis  belief  that  the  ritio 
borne  by  the  magnesium  to  the  calcium  in  the  iron  was  frequently 
greater  than  that  existing  in  tlie  slag  from  the  blast  furnace.  AnotW 
cause  far  his  belief  lay  in  the  observations  made  during  the  bloi. 
The  metal  was  taken  direct  from  the  blast  furnace,  but  the  percentogi 
of  silicon  present  was  liable  to  great  variations,  and  the  bloir  im 
watched  by  a  spectroscope.  As 'is  well  known,  when  the  blow  is  t 
Tory  hot  one,  the  so-called  carbon  lines  are  not  discernible.  Thi 
regulation  of  the  blow  was  consequently  a  matter  of  some  difficulty. 
Besides  other  points,  it  was  customary  for  the  blower,  if  certain  red 
lines  to  the  left  of  the  sodium  line  were  not  to  be  observed,  to  k««p 
on  aildtug  cold  scrap  until  these  lines  became  visible.  lu  a  hot  blow 
calcium  dues  not  burn,  but  this  happens  when  the  blow  is  cold  or  hw 
been  cooled  down.  Consequently,  the  author  considers  that  the  r«d 
lines  above  referred  to,  which  become  visihle  on  the  left  of  the  sodttuQ 
line,  are  in  reality  due  to  calcium.  The  author  illustrates  his  remarks 
by  a  number  of  curves,  giving  the  percentages  of  the  various  elemeDti 
present  in  the  metal  during  the  several  stages  of  four  blows.  Detaili 
relating  to  tliese  charges  are  also  given. 

Steel  Casting- Ladle. — Drawings  are  published*  of  a  casting-ladlB 
made  receinly  at  Duiahurg.  Tlie  laille  itself  will  hold  about  7  toai 
of  steel,  while  the  total  weight  of  the  whole  apparatus  is  about  UJtona. 
The  pan  is  so  arranged  as  to  be  impossible  for  it  to  tip  by  itself  The 
motor  engine  is  of  tlie  vertical  twin  reversing  type. 

The  Atla^  Steelworks.— In  connection  with  a  visit  of  the  Nortb 
East  Coast  Institution  of  Engineers  and  Shipbuilders  to  these  works.* 
plan  of  them  la  published  in  IndustrUs.^ 

Basic  Plant  at  the  Domnarfvet  Steelworks.— At  Domnsil^H 

in  Sweden,  the  old  Bessemer  plant,  constating  of  three  5-ton  cott* 
verters,  has  been  increased  by  the  addition  of  five  new  converters, 
three  of  which  are  desi«:ned  for  the  bivsic  process.  The  basic  pl»t 
was  started  on  October  26,  1891,  with  iron  containing — 


0-5-e75 


0-5-0-75 


Sulphur. 
0*02 


PhoBphoruA. 
2-5-30 


ss-i-o 


obtained  from  apatite-bearing  ores  from  Grangesberg* 

*  Stahl  wid  EiHUj  voL  xil  p.  646,  with  plat©.  ,  t  Vol,  xiiL  |i.  81 
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Of  the  Grangesberg  ores,  70,000  to  80,000  tons  are  annually  ex- 
ort«4  to  SUeaia,  and  a  similar  amount  fco  Westphalia,*  the  composition 
ftJie  ores  being  as  follows  : — 
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Basic  Slag  as  a  Fertiliser— Acconling  to  Mr.  W.  H.  Morris,t  the 

tattJitowu  Iron  Ctjnjpaiiy  is  the  only  one  manufacturing  basic  Bessemer 
lilig  in  the  United  States.  They  grind  the  mateiial  so  tluit  at  least 
K)  per  cent,  will  pass  through  a  sieve  with  150  meshes  to  the  linear 
Dich,  and  90  per  cent  through  a  100-mesh  sieve.  This  fine  grinding 
PS  to  be  the  main  conditions  of  success.  Its  value  for  grass  and 
Ither  produce  is  testified  to  by  the  aiiUior,  From  300  to  700  lbs.  per 
erf  shuuUi  be  used,  together  with  potash-yielding  material.  Its  bene- 
idal  effect  is  not  seen  till  the  second  and  third  years.  Tiie  basic 
bp«n-h earth  slag  at  these  vfr'orks  is  not  so  well  adapted  as  the  Bessemer 
ling,  which  carries  over  20  per  cent,  of  phosphoric  anhydride. 


IN. —OTHER  PROCESSES. 


I  The  Talbot  Process*— In  this  American  process  a  basic  oxide  of 
iron  and  lime  slag  is  made  and  mixed  in  a  regenerative  gas  furnace, 
^nd  is  then  poured  into  a  vessel  so  constructed  as  to  form  a  deep  column 
«)f  slag*  Then  the  molten  pig  iron  to  be  treated  is  poured  on  the  top 
'Mf  this  column  of  slag,  through  which  it  sinks,  and  it  is  stated  that 
'flring  its  passage  a  considerable  quantity  of  the  silicon  is  removed, 
ogether  with  some  of  the  carbon  and  also  of  the  phosphorus.  The 
Betal  so  treated  is  transferred  to  a  basic  open-hearth,  and  the  process 
Dmpleted  in  the  ordinary  way.* 

^  •  EeiUehrift  <Um  Vereine*  DeuUehtr  Inffeniiure,  vol.  xxxvi.  p.  139, 
t  Tr0n»actum*  C'f  the  American  Inttitute  o/  Mininff  Engineert,  Bnltimare  motiuig 
[A^Tftoee  proof). 

Iron  dfftr  vol  1.  p.  102. 
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Mannfacture  of  Nickel  SteeL — The  Lechesne  process  for  maloBg 
nickel-steel  alloys  consists  in  the  simultaneous  employment  of  nickd, 
manganese  and  aluminium  with  or  without  carbon.     Both  the  nickel    ' 
and  the  aluminium  may  be  used  in  the  pure  state,  or  in  the  form  of 
alloys  or  otherwise,  and  the  manganese  is  similarly  employed.    As  an    j 
example,  the  following  amounts  may  be  used  : — 

Pig  iron  with  25  per  cent,  of  nickel 100 

Malleable  iron  or  steel 400 

Ferro-maDgranese  with  75  per  cent,  of  man^nese   ...        3 
Alumiuium 0'25  * 

The  ferro-man  ganese  is  added  after  decarburisation,  and  the  alaminiam   ] 
at  the  moment  of  tapping.     The  alloys  are  homogeneous,  and  solidify   ^ 
rapidly  without  blowholes.     Ferro-nickel,  with  25  per  cent  of  Did[el,    ; 
cannot  be  hardened,  but  this  property  appears  when  the  nickd  ii 
lowered  below  5  to  7  per  cent.* 

•  Iron,  vol.  xxxix.  p.  3G0.  ■ 
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A  Primitive  Method  of  Iron  Working.— In  a  report  *  of  the 
Canailiaii  Institute,  there  is  figured  an  iron  tomaliawk,  which  has  been 
submitted  to  a  very  primitive  method  of  working.  It  is  of  a  type 
commoD  in  the  country,  and  bears  marks  of  an  attempt  by  its  owner 
to  reduce  its  weight  by  the  laborious  process  of  cutting  a  strip  off  it 
with  Hint  flakes  and  watar.  There  is  also  a  strip  in  the  collection 
which  haa  been  cut  off  in  this  manner.  The  tomahawk  measures 
7|  inches  in  length  by  IJ  inch  in  thickness  near  the  eye. 

Annealing  Tool  Steel— At  the  works  of  Messrs.  Saunders'  Sons, 
New  York,  all  steel  to  be  made  into  cutting  tools  or  dies  is  heated  in 
a  coke  oven  to  a  red  heat,  the  bars  being  then  removed  and  placed  in 
s.  second  heating-chamber,  consisting  of  a  simple  brick  chamber^  in 
which  the  bars  are  arranged  in  layers  separated  by  charcoal  Here 
they  are  allowed  to  remain  undisturbed  until  perfectly  cool.  Steel  so 
treated  improves  in  quality. t 

A  Large  Casting. — A  cog-wheel  of  large  size  has  been  cast  by  the 
Economy  Foiaulry  Company  of  Syracase,  New  York.  The  wheel  is 
11  feet  in  diameter,  the  face  is  10 J  inches  in  breadth,  and  the  pitch 
4 J  inches.  It  was  cast  in  eight  sections,  with  sectional  gear  at  the 
centre.  The  whole  weighs  5  tons,  and  the  gear  is  claimed  to  be  the 
largeat,  with  one  exception,  that  has  ever  been  cast.} 

Wrought  -  Iron  Chimney.  ^What  is  stated  to  be  the  tallest 
wrought- iron  chimney  iu  Great  Britain  has  been  erected  at  Darwen 
in  North  Lancashire.  It  is  ^75  feet  high  from  its  foundation  to  its 
top,  and  is  used  for  carrying  off  the  gases  from  the  blast  furnaces  of 
the  Darwen  and  Mostyn  Iron  Company.      Sixty  tiers  of  plates  are 

*  Annual  ArchcEolo(/iCfd  Rrport^  1891,  p.  Bl. 

t  Irtm  Age,  toL  xlbt.  p.  1217.  t  I^id.,  p.  253. 
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employed  in  iu  coDstruction,  308  plates  being  used.     The  bueptm 
U  in  six   segEnenta,  and   is  27^   feet  in  diameter.       The  brickn 
lining  i8  18  inches  in  thickness  at  the  bottom  and  3  inches  atj 
top.     The  total  weight  of  the  ironwork  employed  is  1 H  tons  7 1 
and  took  eleven  weeks  to  erect,  while  the  total  weight  of  the  chin 
is  about  1100  tons  as  compared  with  3000  tons  for  a  brick  chimneji. 
Several  other  iron  chimneys  exist  in  England^  and  in  America  there  I 
a  considerable  number.* 


Electric  Welding.  ^In  the  arc  process  of  electric  welding  the) 
three  distinct  metliodd  in  use.  The  first  of  these  is  weldingt  pi 
so  called,  in  which  the  material  to  be  welded  is  raised  onlj  to 
wclijiijg  temperature,  and  a  strong  fibrous  weld  is  produce*]*  la 
second  method  of  "  built  welds  '*  small  pieces  of  the  metaJ  are  mt 
into  the  joint  and  hammered  in.  The  fibre  is  then  partly  reprodupeti 
by  tbo  work  put  into  the  metal  A  special  grade  of  very  mild  steel 
lias  proved  most  useful  for  this  work.  The  third  metliod  k  chiellj 
used  for  repairing  castings,  and  is  not  well  adapted  for  wrought  iron 
or  steel  It  consists  in  fitliug  the  defective  parts  with  metal  fu^ed  Itj 
the  arc,  which  also  melts  the  work  locally.  In  the  case  of  cast  *teel 
the  article  may  be  hammered.  Articles  of  cast  iron  can  only  ^ 
treated  by  keeping  the  whole  black  hot  iluring  the  process,  Examplei 
of  the  process  of  welding  are  given^t 

N.  SlaviankofP  J  describes  a  method  devised  by  him  for  electriailijf 
welding  and  repairing  broken  pieces  of  machinery.  The  work  to  1>p 
repaired  is  attached  directly  to  one  pole  of  a  dynamo,  and  the  iceU] 
to  be  cast  is  melted  by  the  electric  arc  in  a  special  tool,  and  falls  on 
the  object  in  a  molten  state,  A  description  of  the  tool  is  given  with 
the  aid  of  drawings,  and  also  directions  for  and  the  cost  of  differeo^ 
kinds  of  work.  The  difference  between  this  and  the  Bemardos  proc<*s* 
is  pointed  out. 


Pipe-WeMing  Maclline* — Drawings  are  published  §  of 
for  rapidly  welding  the  overlapping  portions  of  a  coiled  strip  of  tli*^ 
metal  so  as  to  produce  a  pij>e  having  a  spirally  welded  skew.  The  miin 
frame  of  the  machine  has  bearings  for  a  shaft,  which  projects  be}'C«i(i 
the  frame,  and  carries  a  roll  which  constitutes  the  internal  wiQdbg 

'  The  SiiiTMMP,  vol.  Ixxin  p.  413. 

f  aUftriCfeiK  vol  xxix.  pp»  S35-S36. 

t  Gkommi  ^kurnat,  1892,  p.  14. 

i  /rvn  Afftt  vol.  L  pv  422,  throe  Ultutrmtioai. 
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roll,  its  peripliery  bearing  upon  the  ineide  of  the  pipe  or  tube  at  the 
point  where  the  weld  is  to  he  made.  There  is  a  Becoiid  and  external 
welding-roll,  which  has  a  sh'ghtly  coned  or  bevelled  face,  and  whicb 
bears  upon  the  pipe  at  a  point  immediately  above  the  internal  welding- 
rolL  The  metal  is  hi*ated  to  redness  before  reaching  these  rolls,  and 
then,  by  a  combined  pressure  and  **  wiping"  action  of  the  outer  roll, 
the  welding  is  effected,  and  its  exterior  bevelled  or  reduced  to  a  feather 
edge,  and  objectionable  ridges  prevented  upon  the  outside  of  the  pipe. 

Wire-Rod  RoUing^. — According  to  Mr*  R,  W,  Hunt,*  the  Germans 
were  probably  the  first  to  roll  wire  rod  by  plain  rolls,  which  forced  the 
work  through  dies.  Grooved  rolls  were,  liowever,  soon  adopted,  but 
it  was  not  until  mild  steel  replaced  wrought  iron  that  much  progress 
was  possible.  The  Belgian  mill  made  the  first  great  advance.  In  this 
arrangement  the  billet  is  passed  several  times  through  slow-driven 
roughing  rolls,  and  then  passed  to  the  finishing  roOs^  placed  at  some 
distance  from  the  first  set.  At  iirst  only  hand  labour  was  employed, 
bnt  mecljanical  appliances  were  introduced  to  reduce  the  number  of 
men  required.  In  18GD  tlie  Bedson  mill  was  erected.  In  this  there 
is  a  pair  of  rolls  for  each  groove,  and  each  pair  is  driven  faster  than 
the  preceding  one,  to  take  up  tlie  slack  due  to  the  elongation  of  the 
metal  All  the  rods  are  in  line,  and  the  axes  of  the  alternate  rolls  are 
at  riglit  angleSj  to  avoid  torning  the  bar.  Continuous  mills  could  not 
work  successfully  till  mild  steel  was  used,  as  the  wrougiit  iron  is  not 
suiicieritly  uniform.  The  next  improvement  was  in  the  use  of  the 
power-reel  instead  of  the  band-reel  for  coiling  the  product.  By  driving 
the  reel  from  the  rolls  as  much  as  50  feet  per  second  can  be  finished. 
The  bed  of  the  reheating  furnace  was  also  lengthened  to  take  billets 
up  to  21  feet  in  length,  and  the  size  of  the  billets  has  been  increased 
to  as  much  as  4  inches  square.  Some  records  of  the  speeds  and  out- 
puts attained  are  here  given  by  the  author.  A  departure  was  made 
by  Mr.  Morgan  from  the  original  form  of  the  Bedson  mill  by  putting 
the  axes  of  all  the  rolls  in  a  horizontal  plane,  and  by  turning  the  rod 
between  them,  bo  that  the  construction  is  simpler.  The  Gairett  mill 
is  an  extension  of  the  Belgian  mill^  and  is  designed  to  do  away  with 
reheating  the  billets  by  rolliuf;  direct  from  the  ingots.      For  this 


purpose  three  sets  of  rolls  are  arranged  in  echelon,  and  are  driven  at 
progressively  increasing  speeds.     Not  only  can  larger  billets  be  used 

•  Lecture  ildivered  at  Camell  Univewity,   Fi*bruary  26,  1892;   Iron,  voL  xxzix. 
pp,  332-334. 
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in  this  way,  but  severftl  may  be  ia  the  rolls  at  the  same  time.  In  all 
the  kter  forms  of  mills,  except  those  of  the  continuous  type,  use  ii 
made  of  the  '^  repeater/'  which  is  a  device  for  automatically  turmog 
and  transferring  the  work  from  one  pass  to  the  next  Several  types 
are  in  use,  and  there  is  some  discussioo  as  to  whom  the  credit  of  the 
tirst  form  is  due.  Some  details  of  American  mills  and  of  their  produc- 
tion are  given. 

Tbe  Turk  System  of  Wire  Rolling,— D.  Turk*  deseiibes  a  system 
of  rolls  which  he  has  devised  for  tlie  purpose  of  iDcreasing  the  capicitj 
of  a  wire-rolling  mill^  admitting  of  the  automatic  paasing  of  oval  u 
well  aa  of  square  rods  from  one  pass  to  another.  It  was  desired. 
in  desigriing  these  rolls,  to  avoid  some  of  the  disadvantages  of  exist- 
ing wire-mills,  especially  the  use  of  hand  labour  in  the  caae  of  ovil 
rods»  that  of  keeping  the  diameter  of  the  rolls  well  under  control,  and 
also  to  admit  of  greatly  increasing  tlie  speed  at  which  the  rolls  cm 
be  driven. 


Continuous  Wire  -  Drawing  Machines.  —  The  wire-drawmg 
maciiines  of  the  Wateibury  Machine  Company^  Connecticut,  are  iUui- 
trated  in  the  Iron  AgeA 

A  pedestal  is  surmounted  by  a  framework  which  carries  the  unri 
drawing  blocks,  and  along  the  upper  surface  between  the  three  roirs  of 
blocks,  3  inches  io  diameter,  are  the  lubricating  rollers.  At  the  point 
where  the  wear  comes  the  blocks  are  provided  with  removable  nog*  of 
hardened  steel  or  of  chilled  iron,  which  can  be  eadly  renewed ;  tbej 
are  all  driven  at  the  same  speed.  The  finishing  block  is  7  inches  ia 
diamtfter,  sometimes  8  inches,  and  is  driven  at  the  same  surface 
speed  as  the  small  blocks.  The  lubricating  device  consists  of  two 
cylinders,  which  extend  the  entire  length  of  the  trough  containing  the 
lubricant  j  their  lower  surface  dips  into  the  liquid,  and^  as  they  revolve, 
brings  up  a  surface  coating,  keeping  the  die-holders,  which  are  between 
the  rolls,  full  to  overflowing  at  all  times.  The  die-holders  are  placed 
in  a  single  row,  central  with  the  machine,  and  when  the  dies  tie 
dropped  into  the  receiving  pockets  the  diamonds  are  submerged  snd 
are  safe  from  fracture  by  heating,  and  are  thoroughly  lubricated.  At 
the  back  of  the  machine  is  placed  the  usual  reel  holder,  which  u 
adjustable  in  position  along  the  frame. 

*  OeM$erTfifkUcke  Seiitf^krift  far  Bn%h  «"«f  BikUtniN»t%  vol.  xl.  pp.  431-432,  nitli  «i 
tUufrtimticitit. 
t  VoL  xUz*  p.  0U1,  with  tw^  mia^trmtiooAi 
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The  end  of  the  wire  as  it  comes  from  the  reel  is  poitUed  by  iiiiug  in 
of  the  larger  sizes,  or  by  strelchtug  in  that  of  tUe  finer  sizes, 
tto  reduced  end  is  then  threaded  through  the  largesfc  die  in  the 
leR. 

The  Works  of  the  Pittsburgh  Wire  Company.— The  works  of 
ihe  Pittsburgh  Wire  Company  is  situat»^(i  at  Brail  dock,  Pennsylvania, 
ten  tniles  from  Pittsburgh*  The  main  building,  in  which  is  contained 
fte  rod-milt  and  wire-mill,  ia  125  feet  wide  by  400  feet  in  length. 
The  rod-mill  is  of  the  continuous  mill  design,  and  contains  a  16-inch 
ind  a  12-inch  billet  train,  as  well  as  a  9-inch  finishing  train.  The 
l$-inch  and  12-inch  trains  are  driven  by  a  36  by  48  enginei  which  is 
ttpeeted  to  develop  1600  horse-power,  while  the  94nch  train  is  driven 
Vy  A  20  by  24  automatic  engine  of  500  liorse-power.  The  fuel  used  is 
pfoducer-gas,  furnished  by  four  Taylor  gas-producers,  operated  in  con- 
nection with  two  Morgan  inclined  lieating-furnaces  for  heating  billets. 
The  boiier-house  is  immediately  adjacent  to  the  rod-mill,  and  is  equipped 
ll  tith  2000  horse-power  Babcock  &  Wilcox  boilers,  with  mechanical 
j  ttekejK  The  capacity  of  the  mill  is  150  tons  of  wire  rods  every  twenty- 
four  hours.  The  wire-mill  will  ibe  equipped  with  9G  wire-drawing 
Wocka,  diiiren  by  two  20  by  24  engines.  AU  the  buildings  are  of  cor- 
TDgated  iron.* 

Forging  and  Stamping. — In  the  course  of  some  notes  on  the 
iBauQiactoie  ol  iron,  Mr  II.  Webb  f  describes  the  method  of  making 
•libf,  aiid  the  operations  of  faggoting  and  shingling  puddled  iron  and 
temp.  Trie  method  of  building  up  t\  large  crank  shaft  from  the 
wrought-iron  slabs  is  also  described  in  detail.  To  make  good  forgings 
there  should  be  good  furnaces,  strong  cranes,  double-acting  steam  ham* 
JWiSj  and  steady  workmen.  The  furnaces  are  usually  of  the  reverbera- 
tory  lype  with  open  or  closed  grates,  or  are  regenerative  gas-fired. 
Stamping  is  very  largely  used  for  small  articles  especially,  and  hydrau- 
'Be  forging  for  heavy  work.  Both  these  operations  are  described  in 
lome  detail 

Flanging  Machines.— An  improved  Hanging  machine  is  iOustratedJ: 
Ha  which  a  plain  instead  of  a  conical  roller  is  used  to  produce  the 
flange  on  boiler  fiues.     This  roller  runs  on  a  pin  fixed  in  a  frame  which 

•  Iron  Afff^  vol.  ilii.  p.  344. 

t  P«j»er  risad  before  the  MHUcbestcT  AstociAtiou  of  Engineeni,  Fobrtuuy  27»  1S02. 
^  ^  Ifidmttr%€Jtf  vol  xiii.  p.  420. 
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swings  on  two  axea  placed  at  right  angles  to  those  of  the  bottom  roller 
The  appliance  can  be  adapted  to  any  machine. 

Planiiier,  Shaping. andBIiUingf  Machines— A  plate-^dge  pUnin;! 
machine  of  M;iiiche6ter  make  i^  illustnit*.^d.*  It  will  admit  plates  of 
any  length,  and  will  cut  16  feet  at  one  stroke.  The  tool  saddle  carries 
a  platform  for  the  attendant,  and  works  on  a  bed  20  feet  long.  The 
cramping  girder  and  honsings  are  of  box  sections. 

An  illustration  is  also  given  f  of  a  specially  designed  combined  hori- 
zontal, vertical,  and  transverse  planing  and  slotting  maohine,  adapt**! 
for  cylinder,  cranks,  and  wh«el  work. 

Armour-plate  planing  and  slotting  machines  for  the  United  StatM 
have  been  built  by  a  firm  at  Leeds.  One  of  them^  of  which  illustrir 
tions  have  been  given,  will  take  work  30  by  10  by  5  feet. J 

A    large  planing  machine,  designed  on  what  ia  known  as  Scllert' 
principle,  is  illustrated,§     Helical  gear,  automatic  lubricators, 
improved  arrangement  of  belt  shifting-gear  have  been  applied. 

The  open  side  planer  for  ateel,  made  by  the  Detrick  and  Harm 
Machine  Company  of  Baltimore,  Maryland,  is  driven  on  the  Seller* 
principle.  The  pulley-shaft  is  parallel  to  the  bed  of  the  planer,  and 
the  cross-beam  is  supported  by  a  brace  rigidly  bolted  to  the  back  of 
the  post,  which  is  of  heavy  constniction.  The  post  takes  a  bearing  o© 
the  bed  equal  in  length  to  one  and  one-half  times  the  amount  of  over- 
hang  of  the  beam.  The  head  on  the  beam  has  automatic  feeds  in  *II 
directions.  The  beam  and  brace  are  raised  and  lowered  by  po*er. 
The  bed  is  half  as  long  again  as  the  table,  and  both  the  bed  and  tabl« 
are  of  massive  construction.  || 

The  Niles  shaping  machine  is  of  the  travelling-head  type,  that  is 
to  say,  the  saddle  carrying  the  cutter-bar  is  traversed  on  a  bed  of  con- 
siderable length,  the  cutting-tool  operating  at  all  {mints,  Tlie  cuttitfS- 
I  tool  is  arranged  with  the  Whitworth  quick  return,  and  so  that  th* 
forward  or  cutting  stroke  takes  about  two-thirds  of  the  crank  motioa, 
the  return  stroke  being  made  during  the  returning  third.  A  conn! 
pulley,  with  wide  belts,  is  employed  to  determine  the  speed  of  the 
cutter-bar.f 
A  large  slotting-machine  is  illustrated  in  Engmewinj*'^  Tbt  ic 'i 
has  a  stroke  from  42  to  48  inches,  and  the  table  has  a  vertical  adjast 


•  Tfu  Engineer^  toL  Ijcdv,  p.  13XL 
X  lUd,,  pp.  31)4  una  400. 

II  Iran  Age,  toI.  xlix.  p.  6d5, 
"  Vol.  Ut.  p.  80. 


f  /%»d,pp,ueftttrii5&. 

§  /6id,  v«I-  UxiiL  p.  407. 

%  IlmL,  p.  721,  one  tlliistratiDi&. 
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ment  of  30  iiicli«s.  Tue  Luol  weighs  30  tons,  and  the  main  part  of 
the  frame  is  made  in  one  casting,  without  exceeding  the  limits  for 
railway  transport. 

In  the  Niles  slotting  machine  the  cutter-bar  has  a  length  of  10 
feet  &nd  a  stroke  of  54  inches.  The  machine  will  take  in  work 
up  to  10  feet  in  diameter*  Tlie  diameter  of  the  circukr  table  is  66 
inches,  the  longitudinal  traverfie  of  the  table  00  inches^  and  the  side 
traverse  50  inches.  The  guide  for  the  cutter-bar  lowers  to  within  18 
inches  of  the  table,  and  raises  to  50  inches  above  the  table.  The 
cutter-bar  ia  driven  by  rack  and  pinion,  adapting  it  for  lieavy  cutting. 
The  machine  has  sufficient  power  to  take  a  3-iDch  cut  with  a  yViJ^^^^i 
feed.  The  cutter- bar  is  counter- weigh  ted  and  has  a  quick  return. 
The  rated  stroke  of  the  machine  is  54  inches,  but  on  outside  work, 
which  can  be  placed  io  front  of  the  cutter-bar,  a  cut  nearly  9  feet  in 
length  can  be  taken.  The  feeds  are  self-acting  in  all  directions,  and 
are  readily  adjusted.* 

The  milling  machine  designed  by  Mr.  P,  J,  Kelly,!  of  Ehzaheth, 
New  Jersey,  has  a  modified  arrangement  for  feeding  the  work  to  the 
cutters,  and  adjusting  the  cutters  themselves.  The  pedestal  of  the 
machine  is  provided  with  standards  in  which  a  cutter-carrying  shaft 
is  journalled.  Upon  this  shaft  is  a  pair  of  cutter-heads  spaced  by 
means  of  an  intervening  sleeve,  and  forced  against  a  shoulder  on  the 
shaft  by  means  of  an  adjusting  nuL  The  standards  are  formed  with 
arms  in  which  the  driving-shaft  is  mounted.  Extending  from  the 
front  to  the  back  of  the  machine,  in  a  direction  transverse  to  that  in 
which  the  cutter-shaft  extends,  is  a  feed-screw,  which,  with  its  sup- 
porting frame,  is  a  short  distance  on  one  side  of  the  inner  cutter-head, 
thus  leaving  a  free  space  for  the  travel  of  the  work  between  the  two 
cutter-heads.  The  feed-screw  is  operated  by  means  of  a  worm-wheel 
engaging  with  a  worm  on  a  shaft  driTcn  by  a  belt.  This  worm  is  so 
mounted  that  it  may  be  swung  into  and  out  of  gear  with  the  worm- 
wheel,  thus  admitting  of  the  feed-screw  being  turned  by  means  of  the 
crank-handle.  The  material  to  be  operated  on  is  ]>laced  on  a  frame 
consisting  of  two  sections  so  united  that  vertical  adjustment  is  pos- 
sible by  lengthening  or  shortening  the  frame.  This  adjiistment  is 
accomplished  by  means  of  bolts  through  elongated  slots  in  one  frame. 
The  cutter-heads  are  of  cast  iron,  and  the  cutters  are  held  firmly  in 
position  by  a  ring,  through  which  set-screws  extend  and  bear  against 
the  backs  of  the  cutter-shanks,  holding  these  firmly  in  place. 


'  iron  Ape,  vol.  ilix.  p.  &&5,  one  iUtiitratioD. 


Ibid.,  p,  289,  ihtte  illugtratioiiB. 
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Mr*  W.  D.  Sluiw^  &tAti*8  that  he  is  always  Me  to  hardcti  Itrge 
niilling-fnttera  anccessfully.  He  heats  them  slowly  in  a  covered,  slew 
forge  fire  of  coke  without  flame,  being  of  opiuion  that  the  reason  for 
teeth  cracking  off  is  that  they  are  made  coarse  and  weak  in  graio  by 
jets  of  hot  air  in  a  brisk  fire.  SafBcietit  time  is  given  for  the  cutter 
to  soak  to  a  clear,  uniform^  hardening  heat,  and  when  no  portion  w 
visibly  hotter  than  another  it  is  dipj»ed  in  a  large  water- bath  of  a  tern- 
perature  of  CO'  or  70",  and  moved  slowly  downwards  mitil  the  cutting 
I>art6  are  hardened.  It  is  then  rapidly  removed  and  heated  for  * 
inoraont  over  a  bright  fire  to  relie?ve  the  strain  of  the  contracted  rim 
upon  tlte  hot  centre,  and  then  again  dipped  into  the  bath  to  prevmit 
the  teeth  from  drawing.  Tiiis  operation  ia  repeated  several  timet,  the 
number  depending  upon  the  size  of  the  cutter,  the  object  bein;;  to 
relieve  the  strain  while  retaining  the  hardness.  The  piece  under  mti-^ 
ment  is  fitjally  plunged  into  hot  water  and  left  until  the  steel 
become  of  the  same  temperature  as  the  water,  when  the  temper  ml] 
be  drawn  in  the  usual  way.  The  author  states  that  by  following  this 
method  of  operation  he  is  always  able  to  successfully  treat  shapes  how 
ever  difficult  or  irregular. 

Boring  and  Turnmg  Machine. — A  clescription  is  published  t< 
a  machine  of  this  t\  pe  uianufuctured  by  the  Niles  Tool  Works,  Ohio. 
A  single  ciisting  forms  what  would  otherwise  be  the  bed.  housings,  m\ 
top  brace.  The  column  is  so  shaped  as  to  partially  surroujid  the  table, 
orifices  being  left  for  the  admission  of  light,  Tlie  driviug-cone  is»t 
the  back  of  the  machine,  the  motion  being  transmitted  through  bevel 
gearing,  the  cone  being  back-geared,  and  with  two  speeds  Available 
from  countersiiaftK,  affords  sixteen  changes  of  speed  to  the  table. 
The  cross-rail  is  bored  out  in  box-girder  form  with  wide  bearings,  id<1 
is  counterbalanced  by  weights  suspended  in  the  interior  of  lh« 
column.  The  saddles  are  made  right  and  left,  allowing  the  boring 
bars  to  work  close  together,  these  latter  being  of  octagonal  sectinii 
and  counterbalanced  by  a  single  weight.  The  feeds  arc  operated  bp 
friction  disc. 

A  horizon t^d  boring  machine  with  two  adjustable  standards  wni 
boring  spindles  is  illustrated  in  En^fieenng,\  It  is  adapted  for  genenl 
work  and  can  also  be  used  for  tapping. 

illustrations  are  published  §  of  the  turning  and  boring  lathe  oOft* 


*  Iron  AgCf  vol.  xlix,  p.  809. 
J  VoL  llii.  p.  tm. 
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structed  by  the  William  Sellara  Company  of  Pliiladelp!iia  for  the 
Wajshington  Navy  Yard.  It  is  intended  for  use  in  the  manufacture 
of  IG-inch  cannon.  The  main  bed  is  nearly  74  feet  in  length,  by  9  in 
width,  and  2  in  depth*  The  support  for  the  boring  bench  is  54  feet 
5  inches  long,  5  feet  2  inches  wide,  and  2  feet  deep.  The  headatock 
carries  three  forged  steel  spindles.  Full  construction  details  accom* 
pany  the  illustrations. 


Cuttings   and   Punclimg   Machmea.— A  combined    punching, 

■hearing,  and  angle- iron  cutting  machine  ib  illnstrateil.*  It  will  punch 
li-inch  holes  through  mild  steel  plate  IJ  inch  in  thickness  at  30 
inches  from  the  edge,  and  will  cut  angle  iron  8  by  8  by  3 J  inches. 
Two  2i-ton  jib  craues  are  nionuted  on  the  machine.  The  framework 
is  of  box  section,  and  the  various  slides  can  be  worked  independently. 
The  machine  weighs  40  tons. 

An  illusLration  h  published  of  an  American  punching  machine,  the 
design  being  such  as  to  deal  with  heavy  work.  The  machine  has 
a  stroke  of  1^  inch,  and  will  jjunch  to  the  centre  of  a  circle  100  inches 
in  diameter,  and  will  also  punch  a  3  ^ -inch  hole  through  a  J -inch  steel 
plate.  The  flywheel  revolves  freely  on  the  shaft  at  the  rate  of  ninety 
revolutions  per  minute,  and  when  pressure  is  apphed  to  either  the 
handle-bar  or  the  foot- treadle  an  automatic  chitch  is  operated  to  form 
a  very  rapid  connection  between  the  aludt  and  the  flywheel.  If  the 
foot  be  removed  from  the  treadle  as  soon  as  the  shaft  has  started,  only 
one  stroke  will  result,  the  elide  caiTying  the  jiuoch  stopping  automatic* 
ally  at  the  highest  poiut,  the  movement  being  continuous  if  the  foot  is 
kept  on  tlie  treadle,  t 

The  Mannfactlira  of  Horse-Slloes.— The  Rhode  Island  Perkins 
Hor^e-Shoe  Company  manufactures  horse- shoes  mainly  from  old  iron 
and  soft  scrap,  and  for  steel  shoes  steel  billets  some  2  inches  square  are 
used4  The  rolling-mill  contains  three  muck  and  six  finishing  trains. 
The  stock  is  sheared  and  piled  ;  the  piles  are  then  rolled  on  an  18'tnch 
muck-train  driven  direct.  It  lias  three  stands,  one  3-high,  la  which 
five  passes  are  miide,  one  intermediate  2-high  for  one  pass,  and  a  2-high 
finisbing  stand  containing  the  die-rol].  This  die-roll  has  a  zigzag 
grooving  tongue  which  inclines  to  and  fro  with  respect  to  the  edges  oi 
the  working  face  of  the  roll     In  one  part  it  is  broadly  bevelled  so  as 

•  InduitrUs^  vol.  xilL  p.  300. 

+  Iron  Afjt^  vol.  1.  p.  ^H),  one  illuatrfttiou. 

X  Ibid.,  vol.  xlix.  piu  455-45<S,  four  illuatratioiii. 
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to  produce  a  broad  bevel  on  the  blank  at  the  inner  side  of  the  hd 
endtif  thU  grooving  tongue  abo  so  dividing  the  blanks  of  one  aeries  in 
a  bar  from  those  of  the  other  that  a  glittiog  machine  can  readily  seja- 
rate  them.  The  die-roll  has  also  two  aeries  of  rail-scorea  arranged  in 
pairs  in  such  a  manner  that  the  pairs  in  one  series  alternate  with  thosr 
of  the  other  scries.     Finally,  there  are  heel-markiug  studs. 

The  product  of  rolling  in  the  die-roll  is  a  double  blank  bar,  consist- 
ing of  a  seriea  of  alternating  blanks.  These  blanks  can  readily.be 
divided  and  bent  into  shape.  The  various  other  roll-trains  are  oft^ 
for  shoes  of  different  shapes. 

The  blanks  are  heated  in  small  coal-fired  furnaces  ;  the  heated  blink 
is  bent  to  shape  and  is  then  transferred  to  the  hammer,  which  oonsuH 
of  five  or  six  rolls  4  inches  in  diameter,  mounted  on  a  revolving  sbft. 
These  strike  a  drawing  blow  upon  the  shoeblank.  drawing  the  tneUl 
towards  the  heel  of  the  shoe.  The  punch  in  groom  contains  forij-foar 
machines,  t)ie  burr  left  after  the  punching  being  removed  by  a  tascbinc 
of  special  design. 

OastSteel  Locomotive  Wheels.— Cast^steel  wheels  have  been  in 
use  in  England  for  loconiotiv«-s  for  some  years  past.  The  advant*^ 
presented  by  the  substitution  of  Ciist  steel  for  forged  metal  are  the  great 
lightness,  the  economy  of  roanufactiire,  and  the  possibility  of  giving 
the  pieces  certain  forms  incompatible  with  the  employment  of  forge<i 
metal  Professor  A.  Lepreux*  gives  details  of  the  conditions  of  the 
nianufactme  and  rf^sistance  of  these  wheels,  and  of  the  tests  to  wliick 
they  are  submitted  for  the  London  and  South-Western  Railway.  Hi» 
paper  concludes  with  a  description  of  four  types  of  locomotives  em- 
ployed liy  this  company,  and  an  enumeration  of  the  parta  thit  ir? 
made  of  cast  steel.  _ 


RailSt — A  description  is  given  by  Mr.  J.  K,  VVatkins  t  of  tbe  i^ 
velopment  of  the  American  rail  and  permanent  way  as  illustrated  by  tlif 
collection  in  the  United  States  National  Museum.  This  paper,  whlffa 
forma  a  most  interesting  history  of  the  subject,  is  illustrated  by  iniw^ 
rotis  sections  of  rails  that  have  been  used  at  various  times  both  m 
America  and  in  other  countries.  A  short  account  is  given  of  the  earlj 
tram  roads,  and  the  simple  bar  sections  that  were  used  as  raiU^tken 
the  earlier  thick  rectanguliir,  T,  i^nd  pear-shaped  sections  are  descnbnl 

*  Annatea  titt  MiiiCM^  dth  Herios,  vol.  i.  pp.  539-547,  with  aix  drawing!. 
t  Report  of  the  United  States  Natiou&l  Maaeutu.  Smithiomftii  loffcitutiun, 
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The  invention  of  the  tianged  rail  by  Mr.  R  L,  Stevens,  and  the  diffi- 
culties  at  first  met  with  in  its  manufacture,  are  dealt  with.  Compound 
rails  of  various  sections  were  employed  on  some  lines^  and  are  illus- 
trated, as  is  also  the  Barlow  rail.  Tlie  rails  of  the  intermediate  and 
more  recent  periods  are  then  discussed. 

A  dimensioned  sketch  *  is  given  of  the  lOOdb.  rail  which  is  being 
laid  by  the  Pennsylvania  Railroad  Company  on  parts  of  their  lines. 
It  contains  a  large  amount  of  metal  in  its  head,  namely,  49  per  cent, 
while  18 '5  are  in  the  web  and  32*5  in  the  flange.  The  carbon  con- 
tents are  0"5.'>  per  cent. 


Steel  Sleepers — Steel  sleepers  of  the  ** inseparable  clip*'  type  are 
dealt  with  by  I^Ir.  IL  K.  Bamber,t  who  gives  particulars  of  the  quality 
of  the  steel  used  and  the  methods  of  manufacture.  Illustrations  are 
given  of  the  standard  sleepers  used  on  the  Indian  State,  Mexican,  and 
other  railways,  of  the  sleepers  experimentally  put  down  on  the  North 
Eastern  Railway,  and  of  other  types.  The  specified  requirements  of 
sleeper  steel  at  present  are  ;^ 

1.  That  it  shall  V>e  as  even  as  possible  in  quality.  2.  That  it  shall 
withstand  an  ultimate  tensile  stress  of  at  most  from  26  to  31  tons  per 
square  inck  3.  That  it  shall  elongate  at  least  20  per  cent,  in  a  length 
of  10  inches,  4,  That  it  shall  show  a  contractioQ  of  area  at  point  of 
fracture  of  not  less  than  40  per  cent*  5.  That  it  shall  be  capable  of 
being  bent  double  on  itself  to  an  inside  radius  of  one-half  its  mean 
thickness  without  sign  of  crack  or  fracture. 

The  steel  used  is  made  by  the  Bessemer,  basic,  and  open-hearth 
processes,  these  materials  possessing  the  qualities  of  homogeneity, 
malleability,  and  ductility.  The  first  of  these  qualities  depends  largely 
on  the  proper  mixing  of  the  steel,  which  is  effected  either  by  a 
mechanical  mixer  or  by  repouring  the  metal.  Want  of  regularity  in 
composition  is  apparently  a  great  cause  of  fi^ilure  in  manufacture. 

The  analyses  of  the  class  of  steel  used  by  the  five  chief  sleeper 
makers  in  the  kingdom,  and  the  results  of  tensile  tests  showing  the 
quality  and  range  of  each,  are  given  on  the  following  page  : — 


•  Engimarififf  Ntm^  vol  jutviii  p.  66. 

t  MinuUt  Qf  Froceedinffs  of  the  ImtUiUion  oJCivU  Ens/ineerttf  vol.  oviii  pp.  33S-357. 
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A  number  of  analyses  and  te^ts  of  eleepers  which  broke  on  falling 
are  given  to  show  that  a  tensile  fitrength  of  over  31  tons  per  squsne 
inch  is  not  advisable*  The  following  composition  and  strengtb  a 
recommended  for  a  standard  sleekier  »teel : — 


CArlKjn^  per  ceot, 

Silicon,  {mr  cent. 

Sulphur^  (i«r  cent. 

Fho6]>Uoruit  per  oeDt. 

MfingaineHef  per  cent.    .         .        ,         . 

TeDiile  fltrength,  tons  per  iquare  inch 

Elongation,  per  cent,  in  10  inches 

Contniction,  p<?r  cent. 


0-12 
Ot>2 

0  70 
28*00 
^-00 

aot)o 


When  the  mill  can  keep  pace  with  the  manufacture  of  tbe  6teel 
it  is  preferable  to  roll  the  ingots  direct,  thereby  saving  fuel  and 
obviating  the  defects  due  to  reheating.  There  are  two  methods  of 
rolling  steel  sleeper  plates:  L  Into  the  form  of  flat  plates,  2.  Into 
the  form  of  troiigli -shaped  plates.  In  the  first  case,  for  sleeper  pUw 
13^  inches  wide^  the  section  of  ingots  at  about  half  their  leugtit 
measures  10  inches  by  17  inches ;  while  in  the  second  case,  the  secti<m 
at  the  same  point  is  lo  inches  square.  In  either  case  the  weight  of 
tlie  ingot  varies  from  20  to  30  cwt. 

As  soft  steel  during  rolling  does  not  spread  tramsversely,  sufficieiit 
width  must  bo  allowed  to  form  the  edges.  To  secure  sound  edges  the 
iBgot  is  cogged  down  to  2^  by  17  inches,  and  passed  through  on  edging 
groove  measuring  2|  by  14  inches  when  making  flat  plates.  Com- 
pressiou  is  ako  used  when  making  trough  sections.  In  rolling  these 
sectiona  the  same  moulds  and  cogging-roUs  may  be  used  as  for  makioj 
rails.  In  connection  with  the  ingots,  the  points  to  be  observed  m 
that  the  mould  is  clean,  and  is  closed  as  soon  as  possible.  AVlien  the 
ingot  is  cogged  down  the  crop  ends  are  cut  off,  and  it  is  sheared  into 
slabs,  which  are  "  wash  heated  "  as  uniformly  as  possible.  For  rolling 
flat  plates  the  slabs  are  reduced  in  four  passes  to  13|  inches  by  ^  inch  bj 
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1 20  feet  long,  and  then  sent  through  a  finishing  pass.  **  Boxed  '^  rolls 
or  rolls  with  collars  and  grooves  to  prevent  side  play  cannot  b«  us«d  in 
rolhng  trough  sections,  so  that  they  vary  both  in  weight  and  thickness 
more  than  flat  phxtes,  and  subsequent  shaping  is  thus  more  difficult. 

Steel  sleeper  plates,  both  of  flat  and  trough  section,  are  shaped 
while  red-hot  under  a  hydraulic  or  steam  press,  to  which  are  attached 
suitably  shaped  cast-iron  moulds.  The  sleeper  y^late  having  been 
pkced  in  position  on  the  bottom  block,  which  is  shaped  to  form  the 
underside  of  the  sleeper,  the  top  table,  and  with  it  the  upper  block, 
is  lowered,  pressing  the  plate  on  to  and  folding  it  round  the  bottom 
block.  Besides  shaping  the  sleeper,  these  blocks,  whose  wearing  sur- 
faces are  chilled,  give  to  those  portions  of  tlie  plate  which  ultimately 
form  the  rail  seats  an  inclination  of  1  in  20, 

The  construction  of  the  press  m  discussed,  and  the  author  is  of 
opinion  that  the  use  of  flat  plates  sheared  instead  of  sawn  to  length 
is  desirable.  The  most  important  operation  is  that  of  punching  the 
clips  or  rail  fastenings,  as  the  life  of  the  sleeper  depends  on  their 
strength,  and  their  gauge  must  be  exact.  As  the  sleepers  are  of  irre- 
gular shapes,  they  would  be  distorted  by  annealing  after  punching 
cold,  so  this  operation  has  to  be  done  at  a  good  red  heat*  Some  expe- 
riments that  are  given  show  very  clearly  the  danger  of  punching  if  the 
plate  is  allowed  to  become  too  cold. 

Given  the  proper  temperature,  there  are  two  methods  of  forming 
the  rail  fastenings  in  a  sleeper,  each  having  its  advantagea  In  the 
first  or  direct  method  the  clips  are  punched  at  once  to  their  proper 
position,  while  in  the  second  they  are  punched  deeper,  and  are  afterward 
brought  back  to  their  proper  position  by  being  hammered  on  to  suit- 
ably shaped  pieces  of  metal  called  drifts.  The  first  is  far  the  cheaper 
method,  but  the  second  gives  the  most  uniform  and  satisfactory  results, 
both  as  regards  strength  and  finish. 

The  methods  employed  for  punching  the  clips  true  to  gauge  are  then 
described,  the  coatings  are  mentioned,  and  suggestions  on  the  points 
brought  forward  are  made. 

Analysis  of  Russian  Tire  SteeL — Sergius  Kern  gives  the  fol- 
lowing analysis  of  Eussian  crucible  tire  steel,  partly  made  from  Holtzer 
projectile  scrap  :^ 


0-46 


0-18 


A  sample  tire  made  of  this  metal  withstood  forty  blows  of  a  600  lb. 


0-20 


0-02 
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monkey  without  crack) ni^p  and  was  bent  in  the  end  into  the  form  of 
the  figure  8,* 

Recent  Progress  in  Oun  Manufacture.— Mr,  \V\  H.  Jaqueit 

liescribfs  tlie  recent  progress  and  tlie  itevelopment  which  ha«  beeo 
made  in  the  manufacture  of  guns  in  the  United  States.  The  gw*l 
feature  has  been  the  decrease  in  the  number  of  the  componeni  |mu1s 
of  a  large  piece  of  ordnance.  The  author  considers  the  built-up  foiged 
steel  gun  as  the  best.  Open-hearth  metal  and  crucible  steel  are  liie 
only  ones  suitable  for  gun  construction.  .Authorities  differ,  he  add^  «f 
to  the  value  of  oil  hardening,  but  they  universally  agree  as  to  tbc 
benefite  of  annealing,  but  both  are  necessary  to  secure  a  reliable  uniform 
product.  (Fas-heating  furnaces  are  those  best  adapted  for  annealiu? 
cannon.  The  questions  of  shrinkage  and  of  internal  stresses  are  ih 
considered.  As  to  the  erosion  of  the  bore  by  the  products  of  the 
combustion  of  the  powder,  this  difficulty  will  probably  be  best  sur- 
mounted by  using  a  higher  carbon  steel  for  tlie  bore,  highly 
or  hardened  by  mechanical  mandrelling  in  order  to  secure  the  di 
of  smoothness  requisite  to  prevent  erosion  by  the  powder  products. 

There  are  two  main  systems  of  breech  construction  in  use:  one 
the  American-French  interrupted  screw,  and  the  other  known  as  the 
Krupp  wedge.  Hundreds  of  devices  have  been  proposed  for  cloiing 
and  gaa  checking  breech-load iug  ordnance,  but  the  most  effective  at 
the  present  time  are  the  CanetAVliitworth  breech  mechanism  and 
the  De  Bauge  gas  check.  The  author  enters  into  the  question  of  gtt^ 
construction  at  some  length. 

With  regard  to  the  materials  employed  in  the  construction  of  cannoD* 
steel,  advocated  as  early  as  18G0  by  Whitworth,  is  the  one  tbi* 
has  finally  been  adopted.  For  the  steel  barrel,  Armstrong  subsdtdWtl 
in  1861  a  wr ought-iron  coiL  Such  a  coil  ought  never  to  have  hm 
employed.  Breech-loaders,  too,  were  abandoned  in  England,  n&i 
muzzle-loaders  again  employed^  this  coil  being  still  employed — a  gmw 
step  of  retrogression.  Whitworth  and  Krupp,  however,  contintuid 
to  manufacture  steel  breech-loaders.  In  the  United  States  the 
made  are  almost  exclusively  of  fluid-compressed,  hydraulic-forged 
and  such  castings  are  now  ma<le  of  large  size.  Thus  the  8-incb  gaa  uT 
1887  had  ten  parts  ;  now  it  has  but  three.  One  of  the  greatest  faalj 
of  the  British  110-ton  guns  is  that  they  consist  of  too  many  piecea, 

*  Chemical  Ntica,  vol.  [jcv,,  p.  290. 

t  Paper   reftd    beforo    the  United  States  Naral  Beierf  e  AnodAlioii ;  Irm  > 
vol.  xlix.,  pp,  U66-1167^ 
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chase  hoops  in  particular  being  too  num<*rous  and  short  to  be  of  any 
use  in  supplying  the  longitudinal  support  wliicb  a  tube  of  such  length 
requires.  On  the  other  hand,  Wliitworth's  new  35  calibre  12-inch 
50-ton  breech-loaders  are  composed  of  three  pieces  only. 

With  regard  to  the  other  materials  and  systems  of  gun  construction 
which  have  been  proposed  of  recent  yeiirs,  the  author  mentions  tlie 
Wood  bridge  wire- wound  guns  of  10-inch  calibre,  employing  longitu- 
dinal bars  and  soldered  wire ;  the  Crozier  lO-inch  wire-wound  guns, 
jacketed  and  hooped  with  steel  castings  ;  the  Haskell  multi-charge 
gnn,  and  various  cast  iron  and  direct  Bessemer  cast  guns  and  mortars. 
The  use  of  an  addition  of  3  per  cent,  of  nickel  to  the  steel,  the  author 
observes,  would  probably  mean  tiiat  the  pressure  limit  might  reach  20 
tons,  as  compared  with  the  safety  limit  of  15  tons  in  the  case  of  guns 
consisting  of  ordinary  steel. 

The  ^lidvale  Steel  Company  of  Philadelphia  is  erecting  a  casting- 
plant  whicli  will  include  two  2.5-ton  open  hearths,  and  an  oil-tempering 
plant  capable  of  dealing  with  guns  of  the  largest  size.  An  armour- 
plate  mill  is  also  to  be  erected.  A  new  machine-shop  for  gun  work  is 
of  the  dimensions  2G0  feet  by  210  feet  by  53  feet  clear  height.  The 
Holtzer  armour-piercing  shells  are  manufactured  by  this  company,* 

A  plan  is  pubiisbed  t  of  the  new  south  wing  of  the  Water vliet  gun 
shops.  This  wing  is  400  feet  in  length  by  154  feet  in  width,  and  the 
plan  shows  the  position  of  the  various  machines  erected.  These 
include  12-inch  gun  lathes  and  four  164nch  gun  lathes.  In  addition 
there  are  two  12-ineh  and  one  16-incli  jacket  lathe,  one  12-inch  rifling 
machine,  one  12-inch  and  one  16-inch  threading  and  slotting  machine; 
three  48'inch,  four  60-inch,  one  72-inch,  and  one  784nch  lathe  ;  two 
72-inch  boring  mills,  and  three  planers,  36,  48,  and  72  inches; 
a  72-incb  radial  drill,  a  26-inch  slotter,  and  a  66-inch  horizontal  borer, 
besides  a  number  of  smaller  lathes,  shapers,  slotters,  tkc.  The  whole 
is  served  by  two  304on  cranes,  one  of  60  tons,  and  another  of 
120  tons. 

Mr.  R.  A,  Itobertson  J  has  devised  an  arrangement  for  casting  cannon. 
Water  is  forced  through  a  pipe  inserted  in  a  hollow  core  extending 
entirely  tlirough  and  beyond  the  ends  of  the  casting.  The  core  with 
its  pipe  is  withdrawn  as  soon  as  the  molten  metal  has  set,  and  water 
is  then  forced  through  another  pipe  inserted  in  the  cavity  of  the 
casting  made  by  withdrawing  the  core.     This  pipe  extends  through 

•  Iron  Age,  vol.  xlix,  p.  9m.  f  Ibid.,  vol.  I  p,  104. 

t  Ihtd.f  vol.  xlix.  p.  126S,  foui  iUustratioiu, 
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the  cayity,  its  outlet  being  below  the  body  of  tbe  casting.  In  flowing 
back  to  its  outlet^  the  water  touches  the  surface  of  the  bore  at  everj 
paiti  cooling  the  casting  more  rapidly  than  would  be  possible  if  cod^ 
tact  with  the  core  were  retained.  While  the  casting  is  being  coolfd, 
rjidiatiou  of  heat  from  its  exterior  is  retarded  by  fires  kindled  in  tl»« 
moulding'pit.  The  operation  of  casting  the  caoQon  u  described  a&d 
compared  with  the  older  method. 

The  Harvey  Process,-- A  plant  for  the  treatment  of  steel  armour 
platt^s  by  this  process  is  to  be  built  at  the  Aboukoff  Armour  Work*, 
ten  miles  from  St,  Petersburg.  This  plant  is  being  erected  in  conntsctiaa 
with  a  contract  recently  made  with  the  Russian  Government  for  the 
treatment  of  armour-plates  for  the  Russian  fleet."* 

Large  Armour-Flate  Saw, — In  April  last  there  was  erected  it 
the  Homestead  Steelworks,  Pennsylvania,  a  large  sleel  saw  of  German 
manufacture,  weighing  110  tons,  to  be  used  in  cutting  nickel  steel 
arraour-platf'.  These  armour-plates  range  in  weiglit  from  8  to  38  toes, 
and  reach  a  length  of  20  feet  and  a  thickness  of  20  inches.  The  saw 
has  a  blade  7h  feet  in  diameter  geared  above  and  revolving  horizontallj* 
The  armour-plate  is  placed  on  a  til  ting- table,  which  is  ad  justable  tri  ^jr 
angle,  and  presented  to  the  edge  of  the  saw  endwise.  The  cost  of  llii« 
saw  is  stated  to  have  been  jSTOOCt 


The  Manufacture  of  Projectiles. — A  description  is  pubUahed; 
of  tlie  method  in  use  by  the  U  nited  States  Projectile  Company  for  ibe 
manufacture  of  shells  and  shrapnel  for  the  United  States  GoveruineQl 
These  projectiles  vary  from  4  inches  to  6  inches  in  diameter,  Th* 
billet,  which  is  slightly  larger  in  diameter  than  the  fiaished  product, 
is  heated  and  then  converted  by  a  press  into  a  very  blunt-shaped  cone. 
It  is  then  placed  under  a  cuppiog-ptmch,  this  forming  a  atiiUov 
recess  in  the  top.  The  blank  is  then  forced  through  a  ring  by  ik* 
plunger  of  a  larger  press,  being  thus  converted  into  a  cylinder.  It  is 
next  forced  successively  through  a  series  of  rings  of  difTerent  siM 
each  a  little  smaller  than  the  other,  until  the  desired  diameter  h» 
been  reached,  when  it  is  passed  through  a  straightening  sleeve.  It  is 
then  in  shrapnel  form,  but  if  it  is  desired  to  convert  it  into  a  shell,  tbe 
open  end  must  be  closed  in.     To  eifect  this,  the  end  is  heated  for  « 

*  Imn  Afff,  vol  xUi.  p,  657.  t  IM.^  p,  TSOL 

t  IM.,  pp.  1032-1033,  with  pkte. 
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Itiiigth  of  about  5  inches,  tiie  biise  of  tlie  sbeli  is  placed  in  water, 
and  the  heated  end  closed  by  bringing  down  on  it  the  corneal  die  of 
a  small  pjtess.     The  shell  so  produced  is  taken  to  a  drop  hammer, 

IiDverted,  and  placed  in  a  conical  die,  from  the  centre  of  wldch  projects 
a  punch  fitting  within  the  opening  in  the  apex  of  the  shell.  A  few 
blows  of  the  hammer  suffice  to  bring  the  conical  end  of  tbe  shell  into 
perfect  sliape.      The  5-inch  forged   shell   measures  16*85  inches  in 

■  length,  with  an  admissible  error  of  O'l^  inch  ;  its  outside  diameter  is 
4*97  inches,  with  an  error  of  0*01  inch.  The  side  walls  are  0*35  inch 
thick  and  the  base  1  inch,  the  |)ermissible  errors  being  0*03  and  0'05 
inch  respectively.  The  presses  which  are  used  in  the  manufacttire 
of  these  shells  are  described^  as  also  is  the  method  of  gauging  and 
testing  the  shell.     The  steel  must  have  a  minimum  tensile  strength 

■  of  70,000  lbs.  per  square  inch.     Some  of  the  straightening  sleevea  used 

■  have  withstood  the  passage  f>f  400  or  500  shells,  the  average  being 
between  200  and  400.  This  is  stated  to  be  a  much  better  result  than 
that  usually  obtained  elsewhere. 

The  manufacture  of  forged  steel  projectiles,  especially  of  coitiniun 
and  shrapnel  shell,  is  described  by  Mr.  D.  Carnegie,*  Armour- 
piercing  projectiles  are  made  by  drawing  down  a  caat-steel  ingot  by 
swages  under  a  steam-ham rnen  Other  methods  have  been  tried,  hut 
without  much  success.  The  common  and  shrapnel  shell  are  thinner 
in  the  body.     They  have  been  made  by  solid  drawing  from  a  blank, 

»but  the  more  sucressful  plan  is  to  weld  wrought-iron  bases  into 
tubular  steel.  A  very  efficient  process  is  to  press  tbe  shells  out  of 
short  steel  cj  linders.     Tlie  usual  process  is  to  cut  bars  of  round  steel 

I  in  to  the  requisite  lengths,  heat  the  blanks,  antl  indent  one  end  in  a 
press.  The  block  is  then  reheated,  cleaned  frym  scale,  and  again 
put  through  a  hydraulic  press,  which  forms  it  into  the  shell.  One 
machine  in  use  cleans  the  ingot  antomatically  and  guides  it  into  the 
pi-ess.  The  pressure  required  necessitates  the  use  of  steel  punches  of 
the  best  quality,  while  the  best  material  for  the  dies  is  found  to  be 
hard  cast  iron.  Details  and  illustrations  of  the  machines  employed  are 
given^  with  a  diagram  of  the  work  done  in  tbe  process  of  manufacture. 


Electrio- Welded  Projectiles. — The  manufacture  of  electric- welded 
projectiles  in  the  United  States  is  described  by  Mr.  H.  P.  Maxim, t 
Steel  blooms  cast  hollow  are  rolled  into  a  thick-walled  tube  having 

*  MinuUit  of  Protjeedinffit  of  the  Irutitution  of  Civil  En<;incer«,  vol.  ex.  pp.  333-342. 
t  Procecdijii/t  of  the  United  States  If  aval  ImtitutCt  voL  xviii.  pp.  251-257. 


THE  mON  AI!ID  STEEL  INDUSTRIES- 

the  approximate  dimensious  of  the  body  of  the  shell  The  tube  le  cut 
into  short  lengths,  and  the  head  and  base  of  the  projectile^  which  hare 
been  formed  in  dies,  are  then  welded  on  in  an  electric- welding  machine. 
After  this  it  ta  machined  to  the  requisite  size,  and  is  then  hardeud. 
This  shell  is  efficient  against  armour  of  moderate  thickness  and  h 
cheap*  Armour-piercing  projectiles  are  manufactured  in  two  part*, 
the  head  section  is  first  hardened  uniformly  all  over,  and  its  point  is 
placed  in  water  during  the  welding  process,  bo  that  the  temper  u 
drawn  evenly  to  the  point.  Shrapnel  shell  is  also  manufactured  by 
electric  welding,  the  diaphragm  is  put  in  while  the  wM  is  hot,  and 
the  me  tat  slightly  swaged  to  secui^e  iu  Up  to  the  present  the  larg««t 
shells  manufactured  are  6  inches  in  diameter  and  weigh  empty  94  Ik 
A  short  description  of  the  two  forms  of  the  welding  machines  employ<^d 
is  also  given, 

A  Sheet-Iron  Gauge.— A  bill  has  been  introdaced  in  theFnited 
States  Congre&s,  under  which  the  manufacture  of  plates  and  sheetSj 
according  to  the  standard  adopted,  is  to  be  compulsory.  In  the 
standard  proposed  there  are  forty-three  numbers,  the  weight  per  squw* 
foot  varj'ing  from  20  lbs.  to  0-7  lb.,  and  the  corresponding  thickness 
from  0-5  inch  to  0'00425  inch,* 

TiU'Plate  Manufacture  in  America. —A  new  tin-plate  factory 
has  been  erected  at  Ehvood,  in  Indiana.  Illustrations  of  the  pUn* 
are  given,  t  Bessemer  steel  bars  are  used,  and  all  the  furnace*  and 
annealing  ovens  are  heated  by  natural  gas.  The  present  output  is 
stated  to  be  1200  boxes  per  week,  over  200  hands  being  employeti 

A  number  of  illnstrations  are  published  |  of  the  tin-plate  worb 
belonginj^  to  the  St.  Louis  Stamping  Company,  United  States.  Th« 
plant  comprises  a  sheet-mill  house  150  feet  long  by  100  wide,  *n 
aunealiog  department  150  by  65  feet,  and  a  tinning  shop  2i»0  b j  60 
feet,  In  another  portion  i)f  the  works  the  billets  and  bars  iise^l 
are  rolled  to  No.  16  gauge,  then  doubled,  re-rolled  three  times»  ind 
sheared  to  the  different  sizes.  The  doubler  and  shearer  is  of  special 
design.  An  upright  bar,  jointed  at  its  base,  has  two  arms,  one  fom 
ing  the  doubler  and  the  other  the  shearer,  working  alternately  by  t^< 
movement  of  a  cam  at  the  top.     There  are  four  mills  in  the  sheet-mill 

"  iron  Af/t,  voK  xlix,  p.  766. 
+  TnduBiriet^  vol.  xiii.  p.  444. 
X  Iron  Aff€,  vol.  xllx,  pp,  909-912,  nioe  iUtuitiiatluiiu. 
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dt^partmeiit,  t^ach  miU  coiisktiiig  of  a  roughing  and  a  tinishing  roll 
The  agitator  has  a  capacity  of  500  boxes  of  tin-plates  a  day. 

At  the  Somerton  Tiii-Plate  Works,  BrooklyD^  the  main  mill  consists 
of  six  sheet-mills  and  a  train  of  three  sets  of  cold  roils,  the  latter 
placed  one  behind  the  other  so  that  the  cold  rolling  can  be  ma^e  con- 
tinuous and  antoinatia  The  six  sheet-mills  are  arranged  in  three 
groups,  driven  by  gearing  from  the  main  shaft.  On  the  same  shaft 
are  eccentrics  which  drive  the  squaring  and  doubling  shears,  in  close 
proximity  to  which  is  a  shoot  leading  to  a  lower  floor,  through  which 
the  sheer  scrap  is  delivered,  where  it  is  bundled  by  hydraulic  pressure. 
Each  mill  is  served  by  a  heating  furnace,  of  special  design,  to  reduce 
oxidation  to  a  minimiun,  the  fuel  used  being  crude  oil.  Oil  is  exclu- 
sively employed  in  this  mill,  provision  Vjeing  made  to  pump  the  oil  from 
iron  tank  boats  on  an  adjacent  canal  The  whole  line  of  the  heat- 
ing  furnaces  is  commanded  by  an  overhead  track,  by  which  the  steel 
15  distributed.  The  line  of  rolls  is  commanded  by  an  overhead  trolley, 
so  that  the  rolls  can  be  readily  conveyed  to  a  special  grinding  machine 
to  turn  the  rolls  whenever  necessary.  Behind  the  train  of  rolls  a 
large  annealing  furnace  is  being  erected.  Special  machinery  will  also 
be  put  in  for  opening  the  packs.  The  cold  roOing  plant  is  to  be  sup- 
plemented by  au  automatic  sorting  machine  to  reject  all  sheets  which 
are  not  within  the  range  of  specifications  as  to  gauge.  In  the  middle 
of  the  mill  is  a  tandem  compound  Corliss  engine** 

Coating  Steel  with  Copper.— A  method  of  coAting  eteel  with 
copper  appears  to  have  found  a  certain  amount  of  success.  It  cunsifits 
in  casting  a  short  copper  ingot  on  a  core  of  iron  or  steel,  the  copper 
being  shorter  than  the  core,  and  being  thicker  at  one  end  than  at  the 
other,  so  as  to  compensate  for  the  unequal  expansion  of  the  two  metals 
during  rolh'ng.  The  compound  ingot  after  the  first  pass  is  allowed  to 
cool  slightly,  so  as  to  chill  the  copper  iti  order  to  reduce  its  ductility  to 
that  of  the  core.  The  process  was  first  used  for  wire,  but  has  also 
been  adopted  for  sheets  and  plates,  t 

Eust'Proof  Coating  for  Iron.— Mr.  C.  Piatt  I  gives  the  results  of 
several  experiments  he  has  made  to  produce  a  rust-proof  coating  on 
iron  with  the  aid  of  acids.  The  most  successful  procedure  was  to  ex- 
pose coils  of  wire  to  the  action  of  steam  mingled  with  small  propor- 

*  Iron  Agt^  voL  xlix.  p.  464. 

t  Tkt  Enffiftttr^  vol.  Ixxiii,  p.  530. 

X  JCtiffinetrir^/  and  Mtniug  Journal^  vol-  Uv.  n.  78. 
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tloas  of  acid  vapoun  After  a  few  hours'  exposure  there  is  a  fine  brows 
closely  adherent  coating.  The  wire  is  then  heated  for  an  hour  in  in 
oven  at  a  temperature  of  100"  to  125"  C,  and  afterwards  dipped  in  an 
oil  bath»  Superfluous  oil  is  removed  by  a  centrifugal  machine,  and  the 
wire  is  again  heated.  A  closely  adhering  film  of  oxide  is  thus  pro- 
duced,  and  the  process  is  being  used  on  a  commercial  scale. 

A  method,  proposed  by  Mr.  J.  Forbes  *  for  producing  a  mst-proof 
coating  on  iron,  consists  in  packing  the  articles  to  be  coated  in  a  box 
in  some  material  which  will  not  give  off  oxygen,  ndxed  with  some  sucli 
substance  as  black  oxide  of  manganese.  A  satisfactory  result  has  been 
obtained. 

Coating  Iron  with  Tar. — Kaw  tar  is  not  adapted  for  use  in  mi- 

ing  iron.  The  coating  produced  rapidly  scales  away  and  destroy!  tke 
metal,  the  action  being  due  to  the  carbolic  acid  which  is  present  io  ihti 
tan  If  this  tar,  however,  is  heated  with  2  or  3  per  cent,  of  Ume  to 
neutralise  the  acid,  it  may  afterwards  be  usetl  without  injury  to  the  iron. 
and  at  the  same  time  give  a  satisfactory  coating  to  the  metal,  t 

Protecting  Iron  Work  in  Tunnels  from  Corrosion,— In  »  »»1* 
way  tunnel,  where  the  roof  was  supported  by  wroughuiron  giri««i 
considerable  corrosion  occurred  in  the  iron-work  owing  to  the  gases 
from  the  engines.  The  method  adopted  to  prevent  this  is  described  Irj 
Mr.  J,  G.  Dagron. }  It  consisted  in  painting  the  girders  with  asphdt 
paint  and  sealing  them  in  with  a  fiat  arch  of  firebrick  tiles  with  cement 
mortar  on  the  underside. 

*  Proeeedinffi  and  Trunmcti^m  of  fAtf  ^owi  Boo^n  fiutUute  of  Seknet,  vol.  i,  pp- 

t  Bajferitehea  Indwrtrie  ttnd  Gt^erU  BlaU,  1892.  p«  834. 

X  l^mtuaeliont  of  the  Afn^fioan  SoeiHtf  of  OivU  JEVi^inrrfi«  rol.  xxrii.  pp.  Sii^ 
with  i1lQstr»tictift. 


The  Molecular  Changes  in  Iron.^M.  Moreillon  ♦  gives  the  re- 
suhs  of  a  series  of  experiments  made  with  a  view  to  elucidate  the  mole- 
cular cbangeB  which  iron  may  ex|ierience  when  submitted  to  physical  or 
more  purely  mechanical  treatment     The  material  experimented  with 
was  puddled  iron,  sodium  carbonate  having  been  used  as  an  addition 
during  its  manufacture.     The  author  shows  by  illustrations  the  modi- 
fication in  the  texture  of  the  metal  which  results  from  simple  heating, 
then  that  produced  by  mechanical  treatment  (hammering)  and  by 
drawing  down,  and  also  the  influence  which  annealing  exerts  on  the 
bar  BO  reduced  in   dimensions*     He  arrives  at  the  conclusion  that 
meehanical  treatment  modifies  the  texture  of  iron,  destroying  fibrous 
ftmcture  and  replacing  it  by  a  granular  one.     Hammering  in  addition 
destroys  the  homogeneity  of  the  bars.    Annealing  at  a  low  temperature 
destroys  the  effects  produced  by  drawing  down  the  metal,  and  even 
those  due  to  its  having  been  heated  at  too  high  a  temperature.     By 
the  conversion  of  the  fibrous  iron  into  the  granular  metal  the  resistance 
to  rupture  is  diminished ;  the  elastic  limit,  on  the  other  hand,  is  but 
little  changeil.     It  is  even  slightly  higher  in  the  iron  with  granular 
atnicture  than  in  the  fibrous  metah     The  elongation  becomes  less,  and 
generally  the  metal  which  has  experienced  this  change  of  structure  is 
weakened*     The  presence  of  carbon  tends  to  diminish  the  siEe  of  the 
grain,  while  silicon  when  present  in  quantities  not  exceeding  0*15 
per  cent,   has  no  apparent  infi^uence.      Phosphorus  exerts  a  marked 
mugmenting  action  on  the  size  of  the  grain.     Sulphur  and  manganese 
iliave  little  or  no  action  on  this  property  of  iron. 

The  Cellular  Theory  of  SteeL—L.  Bacl^f  criticises  the  theory 
■^f  Osmond  and  Wcenh  as  to  the  effect  on  its  physical  properties  of  the 
cellular  structure  of  steel  The  author  discusses  the  variations  in  the 
iture  of  steel     Thus  in  unhardened  steel  a  mass  of  iron  carbide 

;Cloees  nodules  of  more  or  less  pure  iron*     These  nodules,   each 

Buflttin  de  la  Sw^Ut^  Indu»trietle  df  MidhoutCt  vol,  Ixi.  pp.  629-6ri6 ;  O^ie  CtvUy 
^oL  txt  p.  3(i5. 
t  (^nie  Civit,  roL  %xl  pp.  71-74.  198-302. 
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surroiinded  with  a  protecting  envelope  of  iron  carbide^  are  the  elen 
tary  or  constructive  cellnlws.  A  conoiblnation  of  such  cellules  fonninr 
a  composite  cell  u  the  ''grain'*  of  the  metal  The  carbon  exiot«  ioat 
leaat  two  distinct  forms,  that  combined  with  the  iron  which  exieti 
in  relatively  large  percentage  in  annealed  metal,  where  it  forms  the 
binding  material,  and  the  hardening  carbon  of  harden«^d  steel  Tbe 
former  is  insoluble  in  dilute  nitric  acid  in  the  cold  while  the  latter 
dissolves,  the  two  forms  corresponding  respectively  with  the  carbon 
of  the  iron  carbide  obtained  from  the  decomposition  of  ferrocjanid^ 
and  the  other  with  that  produced  from  sugar  at  a  moderate  tempera' 
tiire.  As  18  well  known  the  iron  undergoes  similar  changes^  OsmoiJii 
and  Wa?rth  consider  that  iron  carbide  dissociates  normally  at  higli 
temperatures.  At  a  given  temperature  a  portion  corresponding  l" 
that  temperature  has  been  so  dissociated,  whilst  a  portion  rcmftin^ 
unchanged,  A  sudden  plutige  into  water  causes  the  carbon  to  rein?dii 
ill  the  suddenly  cooled  metal  in  the  game  form  as  that  in  which  it 
existed  at  the  temperature  from  which  the  metal  was  cooled,  Thr 
author  proceeds  to  quote  at  length  from  the  memoir  of  Messn 
Osmond  and  Wonrth,  and  to  discuss  generally  the  well-known  work 
of  the  former  writer  as  to  the  changes  which  take  place  in  steel  whfii 
it  is  slowly  cooled  from  a  high  temperature. 

The  Passive  State  of  Iron  and  Steel.  —  The  third  and  cod- 
eluding  part  of  Mr.  T.  Andrews'  *  researches  on  the  passive  state  of  iroQ 
and  steel  deals  with  the  relative  passivity  of  wrought  iron  and  Tsmou^ 
steel  bars,  and  the  influence  of  chemical  composition  and  of  physia) 
structure  on  their  passive  state,  and  with  the  relative  passivitT  ^l 
wrought  iron  and  various  steel  plates  in  cold  nitric  acid.  Full  analvse^* 
of  the  various  plates  used  are  given,  with  the  results  of  a  large  number 
of  experiments.  The  rods  were  treated  in  their  original  rolled  state  aii<l 
after  drawing.  Generally  the  wrought  iron  in  both  these  series  (»f 
experiments  was  electro-positive  to  the  steels,  showing  that  it  was  1<>^ 
passive.  After  drawing,  the  wrought  iron  did  not  always  assume  th^ 
electro-positive  position  until  after  some  houi^'  immersion  in  the  aciil 
but  then  the  electro-motive  force  increased,  showing  that  it  graduiltjf 
became  less  passive  than  the  steels,  In  the  case  of  soft  Bessemer  w'J 
soft  open 'hearth  steels  there  were  similar  iutorchanges,  which  are  uat 
easily  accounted  for.  Wrought  iron  was  found  to  be  permanently  mort 
passive  than  tungsten  steel  Hard  steels,  containing  more  combiiw<i 
carbon,  are  more  passive  than  mild  steels,  thus  showing  tbe  efifectof 

•  ProP€€d%nsf$  of  the  Boyal  StHiieip,  voL  xiix.  pp.  481-480b 
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carbon.     The  atitlior's   jirevioiis  inveatigations  *  on   this  aiil>ject  are 
summarise*!  \n  the  conckiJing  remarks. 

The  Viscosity  of  Steel. — Tin*  treatise  on  the  viscosity  of  solids, 
by  Mr,  C.  Baru8,t  is  a  contribdtian  towards  the  aoltitiou  of  problems 
bearing  on  the  viscosity  of  rock  masses.  The  ex]H^rifnentAl  investiga- 
tion of  the  viscosity  of  steel  leads  the  author  to  believe  that  he  has 
discovered  a  trustwortliy  working  hypothesis  substantially  corrobora- 
tive of  Maxwell^s  tlieory  on  tlie  subject. 

The  Changes  in  Ingot  Metal^— A.  Saitmann  J  describes  a  long 
series  of  experiments  made  with  a  view  of  showing  the  influence  of 
physic*d  causes  in  effecting  changes  in  tlie  properties  of  ingot  metal 
The  metal  submitted  by  the  auilior  to  examination  was  from  the  open- 
hearth  furnaces  of  the  Donawitz  Work.s.  A  portion  was  acid -made 
metal,  while  the  remainder  was  produced  by  the  basic  prucess.  The 
farmer  contained  010  per  cent,  of  carbon,  had  a  tensile  strength  of 
26  tons  per  square  incli,  24  5  per  cent,  elongation,  and  59  per  cent, 
reduction  of  area.  The  basic  ingot  metat  contained  0"15  per  centv  of 
carbon,  had  a  tensile  strength  of  2 2  8  tons  per  square  inch,  an  elonga- 
tion of  28 '5  per  cent.,  and  a  reduction  of  area  of  65  per  cent  The 
elongation  was  measured  on  a  length  of  7 -87  inches. 

The  first  experiments  were  made  to  ascertain  the  effect  of  mechanical 
treatment  exerted  at  different  temperatures,  the  specimens  being  re- 
duced by  a  rapid-striking  hammer  from  a  thickness  of  0*39  inch  to  one 
of  0'35  inch.  The  following  were  the  results  obtained  after  treatment 
at  the  temperatures  mentioned  : — 
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With  regard  to  the  beDding  tests,  the  acid  metal,  hammered  it  4 
temperature  of  200*  C,  coald  be  bent  double  when  cold,  but  shoiwd 
smalJ  cracks  at  the  beod.  That  hammered  at  a  blue  heat,  320' Ci 
broke  at  an  angle  of  20°«  The  basic  specimens  hammered  at  tboe 
temperatures  could  be  bent  completely,  but  showed  sUght  cracks.  All 
the  other  specimens  could  be  bent  completely  double  without  showing 
any  signs  of  cracks.  It  is  interesting  to  observe  that  thoae  specimoi 
bars,  whicli  were  submitted  to  the  Influence  of  the  temperature  of  ^W 
for  some  time,  showed  a  lower  tensile  strength  but  a  much  greater 
elongation  and  reduction  of  area  than  the  bars  treated  at  slightly  higher 
temperatures.  The  best  temperature  for  the  mechanical  treatment  of 
ingot  metal  would  appear  to  be  a  bright  red. 

In  the  next  series  of  experiments  the  influence  of  annealing  on  the 
hammered  bars  was  examined.  The  bars,  which  had  been  treated  at 
a  bright  white  heat,  became  much  softer  and  more  ductile  by  this  treat- 
nu^ijt ;  but  those  treated  at  somewhat  lower  temperatures  were  nat 
softened  to  so  considerable  an  extent  With  a  view  to  ascertain  th« 
influence  which  the  simple  heating  of  a  piece  of  metal  ejcerts  on  iti 
physical  properties,  a  number  of  test-pieces  were  heated  to  various  tem- 
peratures and  then  allowed  to  cool  slowly  in  the  air.  The  result* 
obtained  were  as  follows  : — 
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These  results  show  that  heating  the  material  to  a  yellow  or  a  blue 
heat  has  no  influence  on  the  properties  of  the  cooled-down  bar.  Bui- 
ing  to  a  white  heat  affects  the  quality  of  the  acid  metal,  but  does  D&t 
appear  to  have  much  influence  on  the  basic  metal 

Other  bars  were  heated  to  various  temperatures  and  cooled  slotl; 
under  a  covering  of  ashes,  whilst  others  again  were  heated^  ccxJe^ 
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rapidly,  again  heateJ,  and  then  allowed  to  cool  slowly  under  a  covering 
of  ashes.  In  the  first  ease  the  acjd  metal  was  softened  and  improved 
in  each  case,  whilst  the  basic  Tnaterial^  heated  to  a  l)lue  or  a,  yellow 
heat,  gave  less  favourable  results  than  Oid  the  original  metal  In  the 
second  case  both  acid  and  basic  metal  was  greatly  improved.  When 
heated  to  various  temperatures,  and  then  plunged  into  water  of  a  tem- 
perature of  6**  C,  the  reBults  were  as  follows  ; — 


Ttimpimittiret 

Add  MnterlaL 

BMic  MAtflfkl. 
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Stron^tJi, 
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241»               22-0 
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2i)r>               15  0 
307               12 1> 
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6J»4 

07-3 
5*1-6 

mi 
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Cm  6 

It  will  be  observed  that  in  both  metals  tlie  experiments  show  a  first 
maximum  tensile  strength  at  800%  followed  by  a  drop  and  then  by  a 
further  increase,*  The  basic  steel  heated  to  a  blue  heat  gave  much 
better  resiilts  on  testing  than  did  the  acid  metal.  In  a  further  series 
of  experiments  bars  similarly  hardened  were  afterwards  carefully  an- 
nealed and  then  re-examined  in  the  testing-machine.  With  the  excep- 
tion of  the  bars  heated  to  a  white  heat,  annealing  softened  the  metal 
completely.  Those  heated  to  the  temperature  of  ISOO"*  still  remained 
hard  even  after  this  annealing. 


I 


The  Microscopic  Examiaation  of  Iron.— Professor  A.  Martens  t 

publishes  the  results  of  a  further  series  of  microscopic  examinations 
relating  to  wires.  He  recommends  that,  in  addition  to  tensile 
tests,  bending  tests  should  be  made  in  the  following  manner :  The 
wire  is  fixed  tightly  in  the  jaws  of  a  press,  and  then  bent  back 
sharply  over  the  slightly  rounded  jaw,  the  lever  used  for  causing 
this  bending  requiring  to  be  placed  right  against  the  surface  of  the 
wire.     After  the  removal  of  the  force  the  wire,  bent  back  to  90°,  may 

*  Some  high  carbon  Bteels  wbtch  were  exntnttied  in  tbe  metallurgical  laboratory  of 
ilje  RojhI  Cttllege  of  Science  thowcd  »  limiltLr  nistitrumn  ni  it  little  above  800*,  followed 
by  ti  luiniroum  at  a  tempemittre  stigbtly  above  900% 

t  Miithriiunffen  nmden  Mnifflithcn  TecHnifchen  Ver»uchmnkdUi^  Pitrt  2;  Staftl  it  net 
JSUiii^  vul.  xii.  p.  U72. 
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spring  back,  the  angle  so  showu  giving  a  measure  of  the  elasticity  of 
th«  wire,  A  number  of  illustrations  of  the  fractures  are  given.  Re- 
garding unexplained  fractures  of  steel  wires  the  author  has  beat  a 
number  of  such  wires  over  an  edge  of  0*2-inch  radius,  and  even  when 
only  slightly  bent  the  wires  showed  a  great  tendency  to  break,  the 
fracture  being  always  very  marked  and  peculiar.  One  end  of  tlie 
fractured  wire  s))ows  a  conical  depression  and  the  other  a  correspond- 
ing cone,  the  point  of  which  was  always  in  the  same  direction.  To 
ascertain  the  cause  of  this,  the  author  instituted  an  examination  of 
the  surfaces  of  wires  filed  down  longitudinally  to  one-half  their  thiclc- 
nass.  The  polished  surfaces  so  produced  were  etched  with  strongly 
diluted  acid,  and  microscopic  examination  then  showed  that  even  the 
itraight  unbent  wires  gave  evidence  of  the  presence  of  numerous  small 
nical-shaped  portions.  In  the  bent  portions  there  show-ed  themsehes 
in  the  centre  of  the  wire  a  large  number  of  cracks  across  the  wirti 
and  distant  from  eacli  otlier  about  one-fourth  the  wire  thickness.  One 
section  shows  the  central  portion  of  the  wire  completely  separated  from 
the  outer  jacket.  The  author  attributes  these  points  which  he  liM 
observed  to  the  following  causes.  When  the  wire  is  drawn  the  material 
of  which  the  outer  jacket  is  composed  is  shifted  somewhat  in  position 
as  regards  that  of  which  the  core  is  composed.  If  tlie  material  is  oft 
homogeneous  characteri  then  from  the  surface  of  the  wire  to  the  core  the 
material  shifts  its  position  regularly  and  concentrically  ;  but  when  thf 
material  is  irregular  in  character,  then  the  stretching  powers  of  the 
different  portions  being  unequal  a  number  of  radial  cracks  are  formed 
between  the  variouR  layers,  and  these  cracks  follow  each  other  at 
distances  which  depend  on  the  relative  degrees  of  adhesion  existing 
between  the  various  lay+^rs,  and  on  the  relative  degrees  of  tenacity  uf 
the  various  parts. 

Mr.  P.  Kreuzpointiier  *  publiishes  twenty-one  illustrations  showing 
the  microscopical  structure  of  various  varieties  of  iron  and  steel  He 
gives  a  historical  sketch  of  the  work  tliat  has  been  done  on  this 
subject,  referring  especially  to  that  of  Martens,  Sorby,  Garrison,  ain;l 
Wedding,  The  illustrations  published  by  the  author  are  selectioni 
from  a  number  described  by  Martens,  and  they  illustrate  not  only  fia*'^ 
in  castings,  but  also  the  structure  of  the  sound  portions  of  the  meul. 
Tiiese  the  author  discusses,  observing  that  liis  experience  has  shoi» 
him  how  important  is  the  use  of  the  microscope  when  it  is  a  questi 
of  examining  and  testing  large  masses  of  metal 

•  Irm  Am,  vol.  xlix.  \>\k  1224-1225, 
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The  Influence  of  Extreme  Cold  on  Ingot  Iron. —The  resulu 

published  by  Professor  Steiner  *  induced  Mif&sr;^.  Kiipke  and  Harteg  t 
to  publish  the  results  of  an  iovesti^aLiori  of  tliia  question  made  by 
them  in  connection  with  Professor  Hempel.  Tiie  material  submitted 
to  examination  wwa  m  the  form  of  flat  bars  197-iMch  in  diameter  and 
18*7  inches  in  length.  The  proportion  of  carbon  iu  the  metal  was 
as  follows:  fourteen  test-pieces  of  weld  iron,  0*119  per  cent,  of 
carbon ;  fourteen  of  basic  open-hearth  metal,  0*152  per  cent  of 
earbon ;  two  of  acid  Bessemer  steel,  0\M^*^  per  cent,  of  carbon  ; 
and  tw^o  of  similar  steel,  containing  O'T^f)  per  cent,  of  carbon. 
Solid  carbonic  acid  was  used  as  the  cold- producing  agent  in  con- 
junction with  sulpiiuric  ether,  the  temperature  of  the  experiments 
Iteing  as  a  rule  from  -  70^  C.  to  -  80",  and  occasionally  as  low  as 
"  100*.  In  making  the  experiments  tliere  was  in  each  case  an  insertion 
made  in  one  end  of  the  test- bar,  the  hollow  so  produced  being  filled  with 
mercury.  Dwing  the  cooling  process  care  was  taken  that  after  the 
mercury  had  sohdilied,  a  period  of  at  least  thirty  minutes  was  allowed 
to  elapse  before  the  bar  was  submitted  to  test.  The  experiments 
were  comparative,  a  cooled  bar  and  a  similar  bar  in  its  original  con- 
dition at  the  ordinary  temperature — 15"  to  20*  C. — ^being  tested  under 
similar  condition.s.  Each  bar  was  tben  submitted  to  the  action  of  a  . 
falling  weight  of  about  100  lbs,  falling  through  a  height  of  35  inches. 
In  the  first  experiments  the  bar  was  turned  after  the  first  blow,  the 
ilid  blow  being  directed  on  t!ie  bent  side,  the  result  being  to 
straighten  the  bar.  This  operation  was  repeated  until  the  mercury 
at  the  end  of  the  bar  began  to  melt.  This  occurred  at  the  end  of  the 
eleventh  blow,  no  fracture  having  taken  place.  In  the  later  experi- 
ments the  blows  were  so  directed  as  to  increase  the  bend  with  each 
blow.  The  cooled  bars  showed  increased  resistance  as  compared  with 
the  uncooled  bars.  In  the  various  experiments  the  weld  iron  showed 
itself  much  more  resisting  than  the  ingot  metal,  the  increased  force 
required  to  produce  a  given  bend  in  the  cooled  as  compared  with  the 
nocooied  bars  being  iu  the  proportion  of  1  47  :  1  in  the  case  of  the 
weld  iron,  and  of  r49  :  1  in  that  of  the  ingot  iron.  The  ingot  metal 
tbas  showed  itself  slightly  more  readily  affected  by  the  hardening 
influence  of  cold  than  weld  iron.  The  Bessemer  metal  witli  03 63 
per  cent  of  carbon  snstaineil  without  fracture  six  blows  both  in  the 
original  and  in  the  cooled  condition  without  fracture,  but  the  higher 

*  Jotirfiai  of  the  Iron  aud  SUcl  ItutUute,  1892,  No.  t.,  p,  A^6. 
t  Der  CiviUngettieur,  voL  Axxviii,  pp*  207-214. 
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carbon  steel,  while  withstaudiog  this  treatment  in  iU  uncooled  cod* 
ditioD,  broke  at  the  sixth  blow  after  having  been  cooled-  The  fmctiffe 
was  fine-grained. 

The  table  below  shows  the  permanent  deflection  in  inches  for  ODft 
blow  with  these  two  samples,  the  monkey  in  the  first  three  experi- 
ments weighing  about  152  lbs.,  and  in  the  second  three  240  lbs.  In 
lK)th  cases  the  height  of  fall  waa  31 J  Inches. 


par  Cent.      DegrsMC 


Defleeilon  In  hiclitt^ 


W«i«1Jt,152n»». 


W«i«1it.  £tO  lU 


a36S 


Over  53  fi     i 
Vntl^T  -  40 
Over  53  IS 
Under  -  40 


O-.il 
0-248 
O'ltWi 
0-154 


0-28 

0-20 

0'14(J 

0O91 


U  12li 
Oi»4 
0  075 


0  117 
0"417 
0217 
0-252 


0':*23 
0  335 
0173 
0-240 


0  3LT 


The  Inflmence  of  Temperature  on  the  Magnetisation  of 
Iron.^ — With  a  view  to  riiconcile  thf  somewhat  diBCotdant  reeiilu  ot 
previous  investigators,  Mr*  H.  Wilde  ♦  has  conducted  a  number  f»I 
experiments  on  the  influence  of  temperature  on  the  magnetisation  of 
iron  and  other  magnetic  substances.  The  principal  results  show  k 
continual  diminution  of  the  magnetic  power  of  the  iron  from  tlie 
lowest  to  the  higliest  temperatures.  At  one  point  the  magnetic  power 
increases  rapidly  as  the  temperature  falls,  the  temperatures  being  given 
by  comparison  with  the  lines  of  the  spectrum.  Eveji  at  the  point  of 
incipient  fusion  a  measurable  amount  of  force  was  found.  In  sonifi 
previous  experiments  an  increase  of  magnetic  power  with  the  tempera* 
tnre  has  been  found,  but  the  mass  of  iron,  on  which  depend  the  time 
and  limit  of  its  ma;L;netisation,  does  not  appear  to  have  been  taken 
into  account.  That  this  factor  has  some  effect  is  shown, 
iron,  nickel  and  cobalt  were  also  experimented  upon. 

Magnetism  in  Iron* — Professor  G.  F,  Fitzgerald  f  gives  i 
culations  on  the  rate  of  propagation  of  magnetism  in  iron,  in  which 
he  attempts  to  estimate  the  velocity  of  disturbance  in  a  row  of  magn 
arraoge<l  and  reacting  according  to  Ewing*s  theory  of  the  structure  { 
a  magneU  Slow  vibrations  give  a  shoi-t  wave-length  instead  of  a  loDg 
one,  as  might  be  imagined. 

A  treatise  on  magnetic  induction  in  ii*on  and  other  metala  hA*_ 

•  FfwmUngt  of  the  Moffol  Socirty,  i?ol.  1.  pp.  109-118, 
t  PiLper  read  before  the  BHtiih  Aiiaoi&tion,  Atigtist  1892. 
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published  by  Professor  J.  A.  EvviDg.*  The  methods  for  measuring  the 
magnetic  properties  are  dealt  with,  and  results  obtained  with  various 
rjietals  are  given.  Magnetic  hysteresis  is  discussed,  together  with  the 
effect  of  weak  an 4  of  strong  currents.  The  influence  of  stress  and 
temperature  are  dealt  with,  and  the  concluding  chapter  refers  to  the 
molecular  theory  of  magnetic  induction* 

Mr.  M  K  Thompson  f  discusses  the  magnetic  permeability  of 
special  irons  for  electrical  purposes.  The  greater  the  permeability  the 
less  is  the  weight  needed  in  the  construction  of  dynamos  and  motors. 
Cast  iron^  although  its  permeability  is  low,  is  usually  employed,  as  it 
is  so  readily  moulded  into  form,  bub  wrought-iron  castings  have  been 
used  with  some  success.  Some  tests  have  recently  Jbeen  made  with 
various  samples  of  special  irons  at  the  Cornell  University  by  a  modi- 
fication of  the  Kowland  method,  and  the  results  of  these  tests  are  set 
out  as  curves.  The  advantage  of  steel  castings  over  cast  iron  is  clearly 
shown,  and  it  is  expected  that  the  latter  will  speedily  be  replaced  by 
the  former.  In  the  course  of  some  discussion  some  further  results  were 
given  describing  the  effect  of  aluminium  and  other  materials. 

Mr.  S.  Bidwell  J  describes  some  experiments  made  by  him  on  the 
changes  produced  by  magnetisation  in  the  length  of  iron  and  other 
wires  carrying  electric  currents.  The  results  are  plotted  as  curves, 
but  no  explanations  of  the  results  can  be  given  until  further  experi- 
ments have  been  made.  The  results,  however,  show  that  in  im  iron 
wire  carrying  a  current  the  maximum  elongation  is  greater,  and  the 
retraction  in  strong  fields  is  less,  than  when  no  current  is  passing. 
Tlie  effect  of  the  current  is  opposite  to  that  of  tension. 

Hardening  Steel  Magnets. — Experiments  made  by  Dn  L.  Hol- 
borng  show  the  infhitrice  of  liardening  on  permanent  and  induced 
mj^netism.  The  main  results  of  his  researches  are  as  follows :  The 
permanent  and  induced  maguetism  of  a  hardened  steel  rod  is  de- 
pendent on  the  temperature  at  which  it  wjis  hardened.  The  difference 
in  the  magnetism  of  rods^  hardened  at  various  temperatures,  increases, 
other  things  being  equal,  with  the  proportion  of  carbon  in  the  steel. 
The  best  magnet  steel  gives  but  moderately  strong  magnets  if  it  is  not 
hardened  at  the  right  temperature.     Rods,  9  millimetres  (0*35  inch) 

*  ^^MiLgnetic  Iniiuctioa  in  Iron  amd  other  MitulK,  "  pp.  370,  with  IdS  UJnitrtLtJonB. 
Loudon. 

f  TranmctiofiJt  of  tf*(  American  Jnttitutc  f*f  Eiectricaf  Enpin^trg^  vol.  ix»  pp-  250-262. 
Z  Pnj>er  read  before  the  Royiil  Society,   May  1*J,  1892 ;  Procecdinfftt  vol^   li.   pp. 

§  ZHUchHft  fUr  lnttrumcnUmk*mde,  vol  xi  p»  113. 
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in  diameter  and  100  millimetres  (3-94  inchea)  ia  length,  were  pw- 
pared  from  eight  variaties  of  steel,  analyses  of  which  gave  the  following 
result* : — 
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Each  of  these  rods  was  heated  in  au  iron  tube  in  a  gos-furnsce  to 
the  hardening  temperature  and  cooled  in  water.  The  hardness  of  tbe 
rods  was  estimated  from  their  specific  electrical  resistance,  whilst  th« 
magnetism  was  determined  with  the  aid  of  a  Kohlrausch  magnet- 
ometer. In  the  following  table,  /  is  the  temperature  of  hardeniag, 
w  the  gpeciEc  electrical  resistance,  M  the  permanent  electric  resistance, 
/  the  magnetism  induced  with  167  C.G.S-  ututs,  and  /,  that  indtioed 
with  130  units. 
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Magnetic  Properties  of  Aluininium  Iron.— In  a  recant  number 
of  the  Cornell  Cranl*  Mr.  C  Eickemeyer  details  the  results  of  wdw 
investigations  as  to  tho  magnetic  properties  of  duminiam  iron,  f^ 
limiuary  testa  showed  that  these  dilTered  very  little  from  those  «f 

•  Through  the  SUctrieian^  vol.  xxix.  p.  476, 
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[or^aiy  cast  iron,  ao  that  carefully  prepared  teat-pieces  were  made, 
ad  the  method  of  using  them  is  described.    The  addition  of  aluminium 
[h  thus  shown  to  have  but  very  slight  effect  on  the  magnetic  properties 
of  iron. 


I 


Electrical  Resistance  of  Iron. — ^A  number  of  experiments  have 
been  made  by  Professors  J.  Dewjir  and  J,  A.  Fleming  *  on  the  electrical 
resistance  of  metals  at  temperatures  down  to  the  boiling-point  of 
oxygen.  Amongst  the  metals  experimented  upon  are  iron  and  nickel. 
In  the  case  of  iron,  not  only  doea  tlie  resistance  decrease  largely  with 
the  decrease  in  temperature^  but  the  rate  of  change  increases  as  the 
temperature  increases.  In  the  case  of  nickel,  the  presence  of  im- 
purities has  oonsiderabte  effect,  as  it  lessens  the  increase  of  conductivity 
on  cooling.  At  orditiary  temperatures,  pure  iron  has  a  specific  re- 
sistance about  seven  times  that  of  pure  copper,  but  at  - 182"  C,  it 
is  only  two- thirds  that  of  copper  at  the  ordinary  temperature.  The 
investigations  seem  to  show  that  at  absolute  zero,  the  resistance  would 
be  either  null  or  exceedingly  small 


The  Methods  of  Testing  Steel.— A  preliminary  progress  report 
has  been  issued  by  a  committee  appointed  by  the  American  Society  of 
Civil  Engineers  t  to  report  on  uniform  methods  of  testing  materials 
^4iaed  in  metallic  structures,  and  on  the  requirements  for  these  materials 
further  improve  the  grade  of  such  structures.  In  answer  to  a 
circular  letter,  a  number  of  answers  have  been  received,  and  these  deal 
with  the  shape  and  size  of  the  test-pieces  and  the  methods  of  tests  to 
he  employed  in  testing  cast  iron,  wrought  iron,  and  steel 


Testing  Machines. — An  ^*  extensometer,"  or  device  for  measuring 
I  tlie  stretching  or  shortening  of  test-pieceSi  devised  by  Professor  J.  B, 
Johnson,^  is  described  by  him.  Two  collars  are  !ield  on  the  specimen 
by  aet-screws,  and  each  carries  a  -14nch  graduated  circle  and  vernier 
needle.  A  steel  rod  attached  to  each  collar  bears  on  a  spindle  on 
the  other  collar  and  moves  it  frictionally.  These  rods  are  placed  on 
opposite  sides  of  the  test-piece,  so  that  bending  is  allowed  for  by 
taking  the  average  of  the  readings.  The  results  of  a  test  with  this 
f  device  are  given. 

•  Pkilofophkal  Mitifashie,  vol-  JLXxir,  pp,  S26-337* 

f  Procrtdirvji^  vol  xviii.  pp.  61-71. 

X  3nffine«ri¥i(t  Netet,  vol.  xxviii.  p\x  11-1-115. 
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Cast-Iron  Test-Bars.— Mr.  Bagshaw*  draws  attention  to  thelact 
that  cast-iron  tfst-bars  give  better  results  when  tested  with  the  tbin 
edge  iu  teusion,  and  gives  as  explanation  the  fact  that  in  casting  the 
impurities  rise  to  the  top  or  thick  side^  Mr.  E,  R.  Verity  and  Mr.  A. 
Binns  t  give  the  results  of  some  tests  on  tliese  points.  Bars  2  inckei 
by  1  inch  in  section,  broken  on  a  span  of  3  feet,  had  a  mean  breaking- 
load  of  3267  lbs.  with  the  thin  edge  in  tension^  and  2704  lbs,  with  the 
thick  edge  in  tension.  The  broken  halves  were  again  tested,  gimg 
7258  lbs.  and  5808  lbs.  respectively.  Three  of  tlie  quarter  bars  wert 
then  slit  down  the  centre,  turned  up,  and  tested  in  tension.  Those 
from  the  tiun  edge  had  an  average  breaking-load  of  13*55  tons  per 
square  incli,  and  from  the  thick  side  of  12*90  tons.  Mr.  J.  D. 
Mackimson  points  out  that  the  tlawed  metal  would  be  removed  m 
turning  the  bars  from  the  thick  side,  and  the  experiments  are  also 
commented  upon  by  Mr.  li  H.  Cabena. 

Malleable  Cast  Iron. — Experiments  have  been  conducted  by  the 
Admiralty  at  Sebastopol,  lltissia,  on  the  strength  of  malleable  ost 
iron,  made  at  the  Sestroretzk  Ironworks.  The  bars  had  a  sectioQ  of 
1*53  by  0'3  inches,  and  broke  at  a  tensile  strength  of  21*1  tone  per 
square  inch,  with  an  elongation  of  0"125  inch.  One  bar  was  folded 
several  times  hot,  and  only  cracked  slightly.  Another  bar  broke  ate 
it  had  taken  a  decided  set  on  cold  bending.  At  a  cherry  red  the  ban 
could  be  forged.  J 


The  Effect  of  Punching  on  Soft  SteeL— Mr.  C.  H.  Benjamiuf 

describes  some  experiments  made  on  the  effect  of  punching  soft  steelj 
to  determine  the  ultimate  resistance  to  shearing  of  soft  steel  plate  for 
different  forms  of  punches,  and  also  to  determine  the  effect  of  punching 
on  the  elastic  limit  and  on  the  tensile  strength,  Otis  steel  boiler-plate, 
J  inch  in  thickness,  was  used,  all  the  pieces  being  cut  from  the  same 
plate.  The  average  resistance  to  punching  with  common  formi  of 
punch  was  50,000  lbs,  per  square  inch,  wliilst  with  the  spiral  puncli 
it  was  only  38,000  lbs.  The  weakening  of  the  material  with  thew 
forms  of  punch  was  7  J  and  3  per  cent,  respectively.     A  considcnitile 

"  Enffinetrino,  voL  liii.  p.  534. 

t  nAd,,  vol  liv.  pp.  117,  l-t",  23L 

X  Revue  UnivtrMUc  <Ifit  Mintit^  vol.  iviiL  p.  104, 

§  Pitp«r  read  befora  the  Civil  EugiDeeni*  Club  of  Oleveland,  September  11.  IflBi 
JoumnI  of  the  A^ociation  of  Engineering  SocietUi,  vol  xi,  pp.  4(j3— 170,  u(*e  pUtc> 
Enffineerinff  JVrttw,  vol,  xxviii.  pj*.  274-276. 
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change  in  clearance  affected  the  results  but  slightly,  but  good  or  bad 
oentering  bad  a  very  noticeable  effect. 

The  Testing  of  Ingot  Metal. — F.  Kintzle  *  discusses  the  relative 
value  of  lensile  tests,  and  of  tests  made  across  the  fibre  of  the  metal, 
or,  in  other  words,  across  the  direction  in  which  it  had  been  rolled. 
Hitherto  it  has  been  thought  that  this  made  but  little  dilference.  The 
author,  investigating  this  subject,  finds  but  little  reference  to  it  in  litera* 
ture.  Professor  Tetmajer  has  given  some  examples,  which  the  author 
quotea,  relating  to  sheets  ;  find  in  these,  while  the  tenacity  is  the  same 
in  both  directions,  the  elongation  is  slightly  less  in  the  case  of  the  test- 
pieces  taken  across  the  direction  of  the  rolling  than  in  the  case  of  those 
iamples  which  were  cut  iu  the  opposite  direction  along  the  fibre. 
Other  similar  results  are  also  quoted.  A  joint  committee,  appointed 
by  the  German  Architect;**  Association,  the  Society  of  German  Iron- 
maaterSf  and  the  Society  of  German  Engineers,  made  a  lengthy  series 
of  teata  to  ascertain  whether  it  is  possible,  in  the  case  of  a  metal 
■  having  a  tensile  strength  of  from  23  to  27  tons  per  square  inch, 
Kmnd  an  elongation  of  20  per  cent.,  to  guarantee  the  test  across  the 
pgrmiu  of  the  metal  Another  point  which  formed  one  of  the  main 
objects  of  the  examination  was  to  show  how  far  it  is  possible  to 

I  guarantee  the  following  test  both  along  and  across  the  specimen :— 
Test-pieces  both  along  and  across  the  grain  of  the  metal  are  to  be 
heated  to  bright  redness,  cooled  in  water  of  a  temperature  of  28'  C, 
and  then  bent  in  such  a  manner  as  to  form  a  strip,  the  diameter  of 
which  at  the  bend  is  the  same  as  the  thickness  of  the  test^pieces.  The 
tensile  tests  made  numbered  934^  and  the  bending  tests  696,  and  these 
tests  were  made  by  the  autlior  in  conjunction  with  Professor  Krohn 
,t  Sterkrade.  In  addition,  358  test-pieces,  hardened  in  the  manner 
previously  referred  to,  were  hammered  into  the  shape  desired,  and  the 
results  of  these  latter  tests  showed  that  70  per  cent,  of  all  the  pieces 
taken  from  across  the  fibre  showed  small  cracks,  while  the  other 
longitudinal  test-pieces  were  not  affected.  The  results  of  the  various 
tests  are  tabulated,  and  these  show  that  even  ingot  iron  is  affected 
an  its  quality  by  the  direction  of  rolling-  Across  the  fibre  of  the 
metal  the  tensile  strength  becomes  irregular,  sometimes  increasing, 
and  then  again  decreasing.  The  elongation  is  always  less.  This  is 
most  frequently  tlie  case  with  universal  iron,  and  less  so  for  shaped 
iron  and   sheets.    Thus,  while  it  is  possible  to  guarantee  along  the 

•  Stahl  und  Sittn,  vol  xU.  pp.  086-690. 
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Iibre  a  tensile  strength  of  from  t33  to  27  toas  per  square  bch  lod 
20  per  cent,  elongation,  across  the  fibre  the  same  result  cannot  bt 
guaranteed  in  the  case  of  universal  iron,  not  will lin  27  per  cent ,  or 
within  12  per  cent  in  that  of  sheets;  and  even  with  a  given  tewilc 
strength  of  from  22  to  28  tons  per  square  iuch  along  the  fibre,  and 
an  elongation  of  17  per  cenL,  it  is  not  possible  to  calculate  within 
10  per  cent,  in  the  case  of  universal  iron,  nor  within  4  per  cent 
in  that  of  sheets.  The  bendinij  tests  show  similar  results;  and  tulo 
cracks  on  the  edges,  while  the  longitudinal  test-pieces  can  be  bent  ton 
single  thickness  as  required,  pieces  taken  from  across  the  fibi^  cannot 
be  l>ent,  without  showing  such  cracks,  further  than  to  double  the  thick- 
ness of  the  test-piece;  and,  indeed,  no  works  could  safely  guantnUe 
that  the  cross-pieces  should  show  no  cracks  on  bending  even  to  ihii 
t^iickness.  Universal  iron  gives  the  worst  results  in  this  tc*t  WeM 
iron  gave  mnch  worse  results  than  did  ingot  metah 

The  ingot  metal  used  in  the  construction  of  the  Fordon*Wtichscl 
bridge  is  described  by  Mehrtens.*  About  10,000  tons  of  basic  Besse- 
mer and  of  open-hearth  metal  was  used  in  the  construction  of  this 
bridge,  and  a  practical  comparison  between  the  two  kinds  of  roetil 
was  thus  possible.  At  the  Rothe  Erde  Steelworks,  up  to  May  1892, 
there  had  lieen  made  336  charges  of  basic  Bessemer  metal,  amounWig 
in  all  to  3100  tons  of  finished  metal,  and  not  one  of  these  charges  W 
to  be  refused  on  subjecting  it  to  test.  Illustrations  are  given  of  tiic 
forms  of  test  in  use  for  these  charges.  Apart  from  analytical  ejcamins- 
tion,  the  material  is  tested — (1)  during  its  manufacture  in  the  con- 
verter ]  (2)  as  a  samiile  taken  from  the  ingot ;  and  (3)  in  the  form  of 
a  test-piece  taken  from  the  finished  rolled  products.  Two  samples  i» 
taken  in  the  converter,  after  the  end  of  the  blow  and  before  the  addi- 
tion of  the  ferro-manganese,  and  two  after  such  addition  daring  thf 
casting  of  the  ingots  from  the  ladle.  The  tests  to  which  these  pieces 
were  submitted  are  described  and  illustrated,  and  the  results  obtained 
are  also  given.  The  composition  of  the  basic  Bessemer  metal  w&s  Ai 
follows : — 


riiojiph'jruft. 
0*031 -0i0«5 


Sulphur. 
0-017-0^71 


C*rbon. 
Under  01^ 


0  28-0'7H  0-017-0^71  Under  O'l^  UodirM 

The  open-hearth  metal  gave  less  satisfactory  results  when  sobmitt^d 
to  mechanical  tests.  Where  tested,  the  composition  of  this  m*^*^ 
proved  to  vary  within  the  following  limits : — 


PhAsphoniB. 
0  •03-007 


Citrhon. 
010-0-14 


M&ng«nflse. 


Rn!phar, 
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The  silicon  was  not  tletennitied. 

The  tensile  strength  of  the  Bessemer  metal  varied  between  24*8  and 
27 'S  tons  per  square  inch,  and  that  of  the  open-hearth  metal  from 
24*8  to  28-5,  Tlie  respective  elongations  were  from  21-0  to  32-5  per 
cent  in  the  case  of  the  basic  Bessemer  metal,  and  from  20*5  to  37*0 
in  that  of  the  open-hearth. 

Professor  L.  Tetmajer  *  points  out  that  experience  has  shown  that^- 
(1.)  Well  made  basic  Bessemer  iron  cannot  be  distinguished  from  open 
hearth  metal  of  an  equal  degree  of  hardness.  (2.)  Basic  Bessemer  metal 
can  be  made  for  bridge  and  other  construction  purposes  with  an  equal 
degree  of  certainty  and  regularity  of  chemical  composition  and  mech* 
anical  properties  as  is  possible  with  open  hearth  metal  (3.)  While  by 
careless  treatment  incomplete  dephosphorisation  is  possible  both  in  the 
basic  Bessemer  process  and  in  the  basic  open-hearth,  the  likelihood  of 
such  carelessness  is  greater  in  the  case  of  the  former  than  in  that  of 
the  latter  process,  (4,)  The  ingots  from  normal  basic  Bessemer  blows 
show  irregularities  in  chemical  composition.  These,  however,  vary  for 
the  greater  part  within  the  limits  of  analytical  error.  (5,)  The  last  ingot 
has  a  tendency  to  show  a  much  higher  percentage  of  manganese  than 
those  that  had  previously  been  cast,  owing  to  some  ferro-manganese 
remaining  undissolved  until  the  end.  (6.)  With  a  similar  chemical  com- 
position of  the  metal,  using  similar  deoxidising  agents  and  the  same 
temperature  of  tapping,  no  difference  can  be  observed  between  the 
size  and  position  of  the  pipes  of  the  ingots  obtained  from  the  two 
processes.  (7.)  Hot  casting  and  the  use  of  ferro-silicou  tend  to  pro- 
dtice  blowholes  at  the  sides  of  the  ingot,  but  even  an  ingot  metal 
deoxidised  with  ferro-manganese  and  spiegeleisen  may  show  bee-cell- 
shaped  blowholes  at  the  sides  of  tlie  casting,  owing  to  pouring  at  too 
high  a  temperature.  (8.)  Cold  rolling,  except  at  black  and  blue  heats, 
increases  the  limit  of  elasticity  and  the  tensile  strength  of  ingot  metal 
without,  as  a  rule,  diminishing  its  plasticity  under  treatment  and  its 
capacity  for  being  bent  in  the  cohl.  Annealing  is  as  much  as  possible  to 
be  avoided,  rolling  at  as  high  a  temperature  as  possible  being  preferable. 

In  view  of  these  facts,  which  the  author  proves  by  numerous  ex* 
amples  that  he  gives,  the  acceptance  of  ingt)t  iron  for  construction 
purposes  should  depend  on  carefully  watching  the  metal  during  its 
manufacture,  and  on  testing  afterwards,  both  chemically  and  mechani- 
cally. In  the  case  of  shaped  iron,  a  large  number  of  hammer  tests 
should  he  made  on  the  cold  metal 


Sehweizerische  ^tfusctlnti*?,  1892,  Nm.  19-23, 
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The  steel  works  at  St.  Etienne  employs  1600  workmen,  and  makei 
plates  fts  a  speciality  up  to  8|  feet  in  width, ^  The  output^  iiicludui| 
armour-plate,  is  about  20,000  tons  a  year.  Weld  iron  is  still  largely  in 
use  for  plates  at  these  works,  no  less  than  thirteen  difierent  qoalitiet 
of  such  plate  being  Biaik\  with  tensile  strength  varying  from  20  to  24 
tons  per  square  inch,  with  elongations  of  11  to  26  per  cent,  and  with 
tensile  strength  across  the  fibre  of  18  to  24  tons  per  square  inch,  with 
an  elongation  of  4  to  20  per  cent.  Of  ingot  metal  plates  there  m 
foiu-  qualities^ 

Extm  lof  t 

Soft 

liiiri]      . 

This  metal  is  made  in  a  basic  open-hearth.  Plates  of  0*16  mh  is 
thickness  must  withstand  five  shots  at  a  distance  of  32  feet,  using 
hard  lead  bullets  and  a  French  rifle  of  the  1874  pattern.  This  latter 
metal  has  a  tensile  strength  of  50  to  57  tons  per  square  inch,  and  9  to 
10  per  cent  elongation. 

Besides  a  description  of  the  St  Etienne  works,  a  lengthy  accotwit 
is  given  by  the  authors,  Eevnaud  and  Mariotte,  of  other  works  in 
the  district,  whitdi  were  represented  at  the  St.  Etienne  Industrisl 
Exhibition. 


Ton*  i»©r  Ssq.  Iil 
.     22-2  24  1 

Eloagiytiuti, 
|»r  Cent, 
30^ 

.     24  1  -li  7 

30-2li 

,     2H-6-34i) 

24-2D 

,     uvf-r34*) 

Tests  of  Fire-box  and  Boiler  Steel.— The  results  are  puUishedt 
of  a  number  of  tests  of  steels  made  by  the  Weilman  Iron  and  Steel 
Company,  Peimsylvania.  The  following  are  some  of  those  obtained 
with  fire-box  steel,  the  test  specimens  being  8  inches  long  between 
the  shoulders : — 


Ummatc 

EeductfoiQi  of 

Final  Blon^- 
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tJltilDftto 

Reduction  of 

Pinal  Elon^- 

Strangth.  in 

Area,  in  p«i- 
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CArbon. 
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Original  ArwL 
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0*012 

Tests  of  a  Large  Steel  Casting.— The  Midvale  Steel  Company  of 
Nicetown,  Philadelphia,  describe  the  steel  stem  fram.e  made  by  them  for 
the  United  States  cruiser  No.  11,  the  MarUehead.  The  weight  of  the 
casting  was  9213  lbs.,  ami  the  specifications  of  the  Navy  Depart- 
,ment  called  for  a  tensile  strength  of  60,000  lbs.  per  square  inch, 
riod  an  elongation  of  15  per  cent  in  the  test-bar,  i  inch  in  diameter  by 
\%  inches  between  measuring  points.  The  official  test  of  the  casting 
Ahowed  a  tensile  strength  of  65,174  lbs;  per  square  inch»  elongation 
1 32 '2  per  cent,,  and  contraction  48 "73  per  cent* 

Metal  Sleepers  in  Belgium. ^M.  Janssen  t  publishes  a  summary 
of  the  experience  gathered  from  the  experimental  use  of  metal  sleepers 
^in  Belgium  during  the  past  five  years.  The  sleepers  have  been 
found  to  stand  very  badly,  cracks  starting  from  the  holt-holes.  The 
|*tone  ballast  used  was  rapidly  pulverised,  and  so  great  indeed  has  been 
I  the  difficulty  experienced  in  keeping  the  permanent  way  in  good  con- 
dition, that  it  has  cost  nineteen  times  as  much  as  that  portion  which 
jwas  laid  with  creosoted  oak  sleepers  instead  of  those  of  steel. 

The  Causes  of  Rail  Breakages,— Mr.  W.  K.  Hinsdale}  discusses  \ 

I  the  causes  to  which  rail  fractures  are  due.  Rails,  he  observes,  are 
never  tested  completely.  Each  individual  rail  may  be,  perhaps,  and 
in  fact  is,  looked  at,  and  if  the  finished  rail  has  a  presentable  exte- 
rior it  is  passed,  regardless  of  any  hidden  Haws  it  may  contain,  com- 
paratively few  of  the  rails  being  subjected  to  thorough  tests. 

*  /rtm  Ape,  vol.  xlix.  p.  839. 

t  R€€iu  OHieraU  da  Chemitts  de  Fer ;  American  ManviJtKinrer^  vol.  U.  p.  2T9. 

X  Iron  AgCf  vol.  xlix.  pp.  Sll-^16^  ten  iUuitrmiioiiB. 
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The  ingot  of  which  the  rail  is  to  be  made  h  subject  to  a  YMiety  of 
defectfi.  Then  at  the  top  there  l$  either  a  shrinkiLge  cavity  extending 
downwards  in  the  vertical  axis  of  the  ingot  to  from  15  to  25  perctnt 
of  its  total  length,  or,  instead  of  this,  there  is  a  general  spongy  textmt. 
The  sound  portion  of  the  piped  ingot  is  generally  free  from  seams  and 
cracks  and  produces  the  best  resalta  in  manufacture,  whilst  an  ingot  of 
spongy  texture  is  sure  to  develop  seams  and  cracks  in  workingr  A 
too  ha«ty  stripping  of  the  hot  ingot  often  causes  both  transverw  ami 
longitudinal  cracks,  which  nevor  weld  in  the  snbeeqtient  mechjuiic^ 
treatment  to  which  the  metal  is  exposed.  The  mere  knowledge  of  tie 
chemical  composition  is  therefore  in  itself  of  but  little  value  vrhen 
judging  of  the  quality  of  a  rail.  Specifications  should  include  inspecuon 
of  the  ingots,  and  the  rejection  of  those  which  develop  defects  on 
rolling.  Many  irregular  transverse  surface  cracks  may  frequently  be 
observed  when  a  bloom  is  passed  through  the  rolls,  and,  the  surfftces 
oxidising,  the  finishing  rolls,  thooirh  perhaps  rendering  the  crtck 
impossible  to  be  observed,  do  not  effect  a  welding  together  of  tii^ 
oxidised  surfaces.  The  defects  therefore  still  exist,  and  the  value  of 
the  rail  produced  is  consequently  impaired.  The  transverse  cracks  ou 
a  bloom  often  extend  for  an  inch  or  more  into  the  interior  of  the  mm 
of  metal  It  is  consequently  hazardous  to  use  a  bloom  that  reqaim 
surface  trimming.  Sometimes  the  faulty  condition  of  the  bloom  is 
due  to  an  incomplete  reaction  in  the  converter,  the  reaction  contintting 
in  the  mould  after  the  ingot  has  been  east.  Some  manufactoren 
purposely  induce  this  slow  reaction  in  the  moulds  by  reducing  the 
percentage  of  manganese,  and  this  is  a  common  cause  of  cracks  in  the 
blooms.  This  same  reduction  in  the  manganese  percentage  frequently 
causes  the  molten  steel  to  rise  10  or  12  inches  in  the  mouM  during 
the  cooling  of  the  metal,  caiisiag  a  spongy-textured  metal,  with  a 
shrinkage  cavity  commencing  at  about  one- fifth  the  length  of  the  ing^t 
from  the  top.  The  cavities  produced  become  coated  with  an  oxide  scale 
which  prevents  subsequent  welding,  thus  leading  to  the  phenotncnoii 
of  piped  rails  having  apparently  sound  ends.  A  number  of  rail 
sections  are  described,  showing  the  occurrence  and  action  of  flaws  in 
the  metal.  The  United  States  Government  specifications  require  35  per 
cent,  of  every  ingot  destined  for  Government  work  to  be  r<yected  and 
removed  from  the  top  ;  similar  care  should  be  taken  in  ordinary  practice, 


The  Texture  of  Rail  Heads.— A.  Martens*  discossea  the  pajK 

*  Stahl  und  Et*tn,  vol,  zii.  pp.  405-415,  with  ihoel  of  illlltt?iitiOOi. 


hy  Weddiug  *  on  this  subject  read  before  the  Society  for  Railway 
Cooatruction  at  Berlin*  The  author  is  of  opinion  tliat  there  are  a 
Uttinber  of  important  errors  in  the  paper  referred  to.  In  the  first 
place,  he  questions  the  accuracy  of  the  representatioa  of  the  microscopic 
structure  of  the  Goliath  rail  as  fihown  by  Wedding,  and  the  deductions 
that  writer  drew  from  this  assumed  structure.  Professor  Martens, 
with  a  view  to  further  investigate  this  question,  requested  Professor 
Wedding  to  permit  him  to  examine  the  specimen  from  which  the 
photograph  was  taken,  and  the  results  of  this  examination  are  now 
given.  The  author  shows  that  the  appearance  of  a  central  core  in  the 
rail  head,  as  observed  by  Wedding,  can  be  produced  by  inaccurate 
treatment  during  the  polishing  of  the  rail  for  microscopic  examination, 
and  by  actual  measurement  this  was  found  to  be  the  cause  of  the 
appearance  observed  in  Wedding's  specimen. 

The  author,  too,  was  unable  to  find  any  trace  of  the  crystalline  mass 
of  metal  observed  by  Wedding  as  lying  at  right  angles  to  the  direction 
of  the  pressure  during  rolling,  and  the  porous  character  of  the  rail^ 
aa  observed,  is  also  doubted.  The  author  is  of  opinion  that  microscopic 
examination  is  not  likely  to  become  of  much  practical  importance  until 
micro-chemistry  has  also  made  considerable  progress. 

Steel  Rails. — ^Ir,  M.  White  t  gives  some  tests  of  a  so-called 
toyghened  %teei  rail,  which  has  been  in  use  for  twenty-two  years. 
The  chemical  composition  is  as  follows,  the  second  ^analysis  being 
made  on  metal  from  the  flange  only  : — 
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Teat-pieces  were  cut  from  the  rail  arid  gave  the  following  results : — 
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Testsof  WaggonCouplers*— Mr,  W.  Forsyth  |  gives  the  following 
rtjsults  of  tests  of  iron  and  iiteel  tmck  couplers  of  the  Master  Car- 
Builders'  type, 

•  Journal  oftht  Tron  mvd  Sletl  Inftitute.  1892,  No.  L,  p,  4«i8, 
t  Rait  mad  Gazetlcy  vol.  xxiv.  pp.  C»4tMH8^ 
X  iron  Aget  roL  xlix.  p.  i9^ 
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In  the  testing  machine  two  couplers  of  the  game  kind  were  polM 
against  each  other,  and  the  resulte  of  some  of  t^iese  tesis  show  a& 
ultimate  strength  varying  from  80,000  lbs.  up  to  121,000  lbs.  for 
malleable  couplers,  and  98,200  lbs,  up  to  148,800  lbs.  for  steel  cowplers. 
The  averages  were  100,000  lbs.  and  116,300  lbs.  res|>ectivelf.  The 
situatiou  of  the  fracture  in  each  case  is  given. 

The  strength  of  the  material  in  wrought-iron  knuckles  is  not  u 
great  as  the  bar  iron  from  which  they  are  formed.  Broken  kuacklcA 
of  this  kind  are  invariably  coarsely  crystalline,  A  tensile  test-piec* 
made  out  of  one  of  these  knuckles  had  an  ultimate  strength  of 
48,000  lbs. ;  elastic  limit,  27,300  lbs.  ;  elongation,  15  per  cent,  b 
2  inches. 

Tabular  statements  are  also  given  of  the  results  of  drop  testii 
in  which  the  weight  of  1640  lbs.  struck  the  knuckle.  Iron  sxles, 
4 1  inches  diameter  at  the  centre,  must  stand  three  blows  from  10  feet 
and  two  at  15  feet  from  a  weight  of  1640  lbs,,  with  supports  3  feet 
apart  from  centre  to  centre. 

These  drop  tests  show  a  wide  variation  in  the  strength  in  the  different 
types  of  couplers,  one  kind  breaking  under  the  first  blow  from  10  feet, 
while  others  endure  the  full  test  for  iron  axles  4  J  inches  in  diameter. 
The  fractures  also  show  not  only  the  weak  points  inXJte  design,  buttht 
poor  quality  of  the  material  in  both  malleable  iron  and  cast  steel 
couplers.  Tht^  steel  bai-s  were  evidently  matle  of  a  graiie  of  sl«el 
not  suitable  for  the  purpose,  and  the  castings  had  not  been  properlj 
annealed.  Tensile  test- pieces,  made  from  the  same  cast  as  one  design 
of  the  couplers,  had  a  strength  of  only  42,000  lbs.  and  49,000  lU 
per  square  inch,  and  elongation  of  1  per  cent^  and  2  per  ceot  in 
8  inches.  A  test  of  a  specimen  from  another  coupler  shows  tlist 
the  material  is  much  better  adapted  to  the  requirements.  It  u  « 
follows  : — 

Unimnaftled. 
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Steel  for  Loconnotives. —  rhe  question  of  the  use  of  steel  pUteifor 
locomotive  boilers  has  also  been  dealt  with  by  the  Commission  Inter 
nationale  des  Congr^s  des  Chemins  de  Fer.  From  a  historical  review 
of  the  use  of  steel  in  the  several  European  countries  and  in  the  Uuit^ 
States,  it  wotdd  seem  that  mild  steel  has  met  with  a  certain  amo 
of  favour,  but  that  hard  steels  have  generally  been  found  unsuitabk  ' 
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A  committee  appoiDtiul  by  the  Master  Mechiinics'  Association  in 
America  has  issued  a  report  *  oti  tlie  use  of  ateel  iti  fire-boxes  of  loco- 
jDotives.  Much  attention  was  directed  to  the  working  of  steel  at  a 
blue  heat,  and  it  is  shown  that,  though  some  steels  will  stand  treatment 
at  this  temperature  better  than  others,  their  use  does  not  seem  to 
offer  any  advantage.  Iron  behaved  worse  tlian  steel  at  this  tempera- 
tore*  Etching  with  sulphuric  acid  showed  curious  results  with  old 
Sre^box  aheel«.  The  central  portion  seemed  to  be  softened  by  use^  aiirl 
g>&  planing  this  oat  the  furnace  side  expanded  while  the  water  side 
l^mained  straight.  This  strain  in  the  material  does  not  appear  to 
©e  relieved  by  antiealing.  There  seems  to  be  a  concensus  of  opinion 
(hat  iron  is  better  than  steel  for  boiler- tubes.  An  experiment  was 
piade  by  putting  114  iron  and  113  steel  tubes  ia  the  same  locomotive 
boiler.  After  about  fifteen  months,  17  iron  and  64  steel  tubes  were 
eondemned,  owing  to  pitting  and  corrosion. 

'    The  steel  plates  used  for  fire-boxes  are  frequently  found  to  laminate.t 

Whether  a  plate  is  laminated  or  not  ia  detected  by  a  sound  test.     If 

Inch  a  iamiuation  exists  at  the  point  where  a  blow  is  struck  with  a 

mer,  the  sound  emitted  will  be  **  dead/'     Laminations  are  caused 

\j  several  defects  in  manufacture.     If  the  steel  is  poured  into  the  ingot 

such  a  way  as  to  cause  a  **  cohl  shut,"  or  so  as  to  permit  *air  or  gas 

bblea  to  remain  in  what  should  be  the  solid  part  of  tiie  ingot,  larai- 

,tion«  are  almost  sure  to  exist  in  the  sheet  when  finished.     If,  too, 

e  top  of  the  ingot  be  cut  off  too  short,  the  defects  present  in  that 

rt  of  the  ingot,  such  as  bubbles  and  cinder,  are  almost  sure  to  cause 

mination.     The  hammer  process  requires   the  utmost  care.     If  the 

mmerer  is  careless  and  strikes  the  sheet  unevenly,  so  that  the  hammer 

arks  are  not  removed  from  the  ingot,  laminations  are  likely  to  result 

the  sheets  rolled  from  ingots  treated  in  this  manner,  as  the  edges  of 

e  hammer  marks  will  roll  over  and  form  a  film  on  the  outside  of  the 

eet.     These  laminations,  if  they  do  not  exist  when  the  sheet  leaves 

Ihe  rolls,  are  never  likely  to  occur  afterwards,  even  when  the  metal  is 

■ubjected  to  the  severe  heat  of  a  locomotive  fire-box.     It  is  question- 

ible  whether  lamination  necessarily  decreases  the  strength  of  a  sheet, 

m%  if  such  a  sheet  were  lo  be  used  for  fire-boxes  it  would  give  rise  to 

liiieh  trouble  and  delay,  consequent  on  the  necessity  for  its  removal 

rom  the  locomotive. 

•  Thrcmgli  Enffineeriiui^  voi  liv,  pp.  421,  684. 
t  Iron  Ai/t,  vol,  xliA.  p,  Bl;i. 
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Testing  Small  Chains.— Professor  H.  Su  Hele-Shaw  ♦  giveg  pir 

tit^ulars  of  experiments  he  has  made  to  ilet^rroine  the  strength  of  i 
chains.  An  English  M*(^lde«l  chain  of  0*223  inch  in  diameter  hac!  abn 
ing  strength  of  1991  lbs.,  while  the  ** Triumph"  chain  of  0  22  inch 
diameter  had  a  strength  of  3773  lbs.  This  chain  is  made  with  a  twhttd 
joint  in  the  link  by  very  ingenious  mechanism,  and  nearly  the  full 
strength  of  the  metal  is  retained,  A  high  cnrbou  steel  can  thus  be  md 
in  the  manufacture,  as  pointed  out  by  Mr*  J.  Head.  It  is  stated  that  s 
f-inch  chain  has  l>eei)  made  by  this  method  with  a  breaking-stralQ  of 
35  tons. 

Detail  illustrations  have  been  given  t  of  the  machine  used  for  making 
these  chains, 

Alumimiim  SteeL— Mr.  W.  W.  Christie  |  has  made  a  number  of 
tests  on  the  two  metals  produced  by  melting  together  in  a  crucible  the 
mixtures  given  below — 


r>eat!rlptioo. 
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Castings  were  made  14  inches  long  by  1|  inch  in  diameter.  TW 
first  metal  was  very  fluid  but  coole*!  quickly,  and  made  a  homog<*neous 
existing  with  a  bright  fracture.  It  could  not  be  touched  by  a  specialif 
hardened  cold  chisel.  Both  alloys  crumbled  under  the  hammer  it  ft 
briglit  red  heat,  but  could  be  worked  slightly  at  a  lower  temperatiirc 
A  soniew^hat  unsatisfactory  tensile  test  gave  a  breaking  load  of  44,710 
lbs.  per  square  inch.  It  is  suggested  that  this  metal  might  be  used  for 
floor-plates  and  for  pi vot-ljea rings  where  wear  is  required.  T1j«  com- 
position of  the  fdumiiiium  ferro-siiicon  is  not  given. 

Manganese  SteeL-^Tetskichi  Mukai§  has  examined  chemicsllj^ 
and  n^icroscopically  two  samples  of  mauLzanese  steel  containing  12*5 
and  10*6  per  cent,  of  tnanganese,  and  for  comparison  a  third  asropi*' 

•  Piiper  risad  before  tho  BritUli  Ansuointion.  August  1892, 

t  Enginetrifuj^  voL  liv.  pj».  42ti-42r» 

X  Paper  rttwl  V«tfoje  ilio  AmerioniJ  Society  of  MeohanioiJ  £jigiii«ei'i,  Sad  fnu^^ 
ineethig.  May  \m^. 

%  Studkii  iihtr  ChemUch-Anal^i^cht  uiut  MikroKopiieke  Unttrguthung dt9  ^Mff^ 
stMst  Freiberg  1892. 
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coDtaiiuiig  0*6    per  cent,  in  order  to  discover  the   r^asoo    for  the 
'toughening  that   occurs   on   sudden  cooling.      It   is   found   that  the 
tpecilic  gravity  of  manganese  steel  in  the  suddenly  cooled  state  is 
Apparently  greater  than  that  of  the  slowly  cooled  metal,  whilst  the 
'Opposite  in  general  holds  true  for  other  steels.     Its  hardness  is  also 
greater  as  in  the  case  of  ordinary  steel.     The  percentage  of  cement,  or 
aon-hardening,  car))on,  is  rather  large  in  manganese  steel.      This  is 
partly  due  to  the  manganese  present,  which  increases  the  chemically 
^mbined  carbon.     The  characteristic  feature  in  the  structure  of  man- 
ganese steel  are  the  pardlel  dark  plates  on  its  surface,  surrounded  by 
another  miiss.     This  is  often  seen  in  iron  rich  in  manganese,  but  is 
not  observed  in  ordinary  steel.     The  siEe  of  the  grains,  although  vari- 
*  able  in  the  suddenly  cooled  steel,  are  larger  than  in  the  slowly  cooled, 
while  the  grain  in  hardened   common  steel  is  generally  finer.      The 
ductility  and  malleability  of  suddenly  cooled  manganese  steel  cannot 
be  attributed  to  the  carbon^  as  that  behaves  as  in  common  steel,  in 
becoming  converted  into  hardening  carbon  on  quenching.     The  duc- 
tility may  be  ascribed  to  the  molecular  condition,  bnt  it  is  uncertain  if 
this  is  due  to  the  manganese. 

Mr.  H.  M.  Howe  *  comments  on  these  statements,  and  questions 
the  power  of  manganese  to  cause  the  retention  of  carbon  in  the  non- 
hardening  state* 

Nickel  Alloys.— Mr  J,  Hopkinsont  finds  that  tho  nickel  iron 
alloys,  containing  22  and  25  per  cent  of  nickel,  which  he  has  pre- 
Tiomly  examined,  are  about  2  per  cent,  less  dense  when  in  the 
magnetisable  than  they  are  when  in  the  non-magnetisable  state. 


Structural  SteeL-^Mr.  G.  C.  Ileoning  X  gives  the  results  of  some 
investigations  made  on  medium  and  high  carbon  structural  steel  used 
for  bridge  construction.  The  tests  show  that  the  material  used  is  not 
uniform  when  billet4ests,  and  not  tests  of  the  finished  articles,  are 
relied  apon.  Box-girders  and  other  built  up  sections  can  be  annealed 
without  distortion,  and  corrosion  can  be  prevented  by  annealing  in 
dosed  vessels  filled  with  gas.  The  shape  of  the  test-pieces,  and  the 
methods  of  making  the  tests  are  given,  and  the  results  of  the  tests  are 


and  Mininf/  Journalf  yoI.  liy,  p,  387. 
t  Pr99ecdifi4f$  of  the  Ronat  Society,  voL  L  pp.  121-122. 

X  Pliper  read  before  the  American  Society  of  Mecbaaicsd  Engrineeri,  Siui  Fruici«c<H 
Mmyl892. 
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tabulated  go  as  to  readily  show  the  properties  of  the  material  id  iti 
vanous  shapes  and  conditions. 

Id  a  paper  on  iron-mill  buildings^  Mr.  J.  W*  Seaver*  gives  ih« 
yarious  points  to  b«  observed  in  the  constructioni  a  specification  of  the 
loads  to  btf  allowed,  the  quality  of  the  material  employed,  the  anit 
strains  of  members^  &c. 

In  some  tests  on  full-sized  eye-bars,  Mr.  F.  H.  Lewis  t  found  difiSer- 
encea  aa  great  as  5000  to  10,000  lbs.  per  square  inch  between  the  full- 
Bized  tests  and  tests  of  small  specimens,  together  with  a  considerable 
decrease  in  the  elastic  limit.  The  average  loss  in  the  elastic  limit  u 
1142  lbs,,  and  in  ultimate  strength  3595  lbs.  The  reduction  in  ires 
is  somewhat  greater  in  tlie  specimen-tests,  and  the  elongation  on  8 
inches  is  nearly  double  that  on  the  full-sized  bar.  Large  losses  occur 
generally  in  bars  giving  high  specimen  tests,  but  bars  of  60,000  to 
64,000  lbs.  show  average  losses  of  only  765  lbs.  per  square  inch.  The 
author  concludes  that  these  losses  will  disappear  if  steel  of  low  tensile 
strength  only  is  used,  and  that  tests  which  give  high  figures  m  speci- 
men tests  are  less  trustworthy  than  those  which  give  low  ones.  The 
losses  in  the  elastic  limit,  and  in  the  ultimate  strength  by  annealing, 
are  discussed,  and  the  effect  is  ascribed  chiefly  to  the  softening  of  the 
outer  skin. 

Tlie  present  method  of  making  the  heads  of  eye-bars,  with  the 
upsetting,  hammering,  and  partial  heating  of  the  bar,  leaves  the  Bteel 
in  &n  uncertain  condition  as  to  internal  stress,  which  can  only  be 
remedied  by  annealing.  Various  tests  have  been  made  and  aw 
described  by  Mn  A.  C.  Cunningham, |  by  quenching  from  a  clierry- 
red  heat  in  water,  fish  oil»  soap  and  water,  and  in  boiling  water.  The 
oil  gives  the  best  results.  The  hardening  of  steel  in  compression 
members  is  as  important  as  in  eye-bars. 

In  the  fire  of  the  Vienna  Panorama  building,  on  April  27,  1892,  tlie 
cast-iron  columns  withstood  the  heat  although  they  were  not  sur- 
rounded by  masonry,  whilst  the  light  wroughl-iron  roof  trusses  very 
soon  became  bent.  The  pillars  surrounded  by  masonry  were  unin 
jured,  whilst  granite  was  completely  destroyed-! 

Armour-plate  Trials. — The  development  of  American  armour- 

♦  Pwper  read  before  tb©  Engiiiecri'  Society  of  Weitern  Penn^jlTnniA,  M«y  IT,>  1^ 
f  Tmnmctiom  of  tht  Am^rkan  Society  qf  Civil  Enffineer§t  vol.  xxvii.  fip.  38Mfll 
X  Ibid,,  vol  Jtiyii.  pp.  351-SB7. 
i  Eisen  Zritunff,  1892,  No.  2G* 
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plate  is  discussed  at  coDsideraWe  length  by  Mr.  F.  L.  Garrison,* 
chie%  from  tlie  standpoint  of  the  metallurgist.  The  historical  side 
of  the  question,  as  far  as  it  concerns  the  materials  used,  is  gone  into, 
and  the  recent  armour  trials  in  America  are  fully  dealt  with  hy  extracts 
from  the  official  reports  and  illustrations  of  the  plates*  The  use  of 
triple  alloys  with  iron  and  steel  is  mentioned,  and  the  various  harden- 
ing processes  are  described  and  discussed. 

A  reproduction  of  a  photograph  of  a  nickel  steel  plate  tried  at  Indian 
Head  in  May  1892,  is  given  in  the  Engineer. \  The  trial  showed 
that  the  plate  withstood  a  very  heavy  impact  test  without  cracking. 
Another  trial  has  been  made  at  Indian  Head  on  July  23  with  a  Harvey 
nickel  plate,  and  a  second  trial  at  the  Bethlehem  proving  ground  on 
July  30.  lOnstrations  of  both  these  plates  are  given.  They  were 
8  feet  by  6  feet  hy  101  inches  in  thickness,  and  both  had  five  shots  fired 
at  them.  Tiie  first  ot  tliem  shows  one  coruer  broken  o0',  but  no  other 
cracks.  The  Ellis  Tressider  compound  plate  is  also  illustrated  after 
five  rounds  were  fired  at  it  on  August  4,  and  illustrations  of  the  Holtzer 
steel  projectiles  are  also  given.  The  plate  stood  the  test  well,  and  a 
comparison  between  these  various  plates  is  drawn. 

An  Ellis -Tressider  compound  plate  8  feet  by  G  feet  and  10  inches  in 
thickness  was  tested  I  on  August  4  at  Shoeburyness.  Five  Holtjcer 
armour-piercing  projectiles  weighing  100  lbs.,  and  strikiog  energy 
2637  foot  tons,  were  used.  The  penetration  of  two  shots  was  2 '17 
and  r09  inches,  the  other  three  remained  embedded.  All  the  shot 
broke  up,  but  the  plate  was  only  cracked  to  a  very  limited  extent, 

A  trial  was  made  on  board  the  Nettle  at  Portsmouth  on  November 
1  of  a  nickel  steel  plate  treated  hy  the  Harvey  process.  The  plate 
was  6  feet  by  6  feet  and  10|^  inches  in  thickness.  Five  shots  were  fired 
from  a  6-inch  gun,  the  projectiles  weighing  100  lbs.  and  the  charge 
48  lbs.  Tlie  Palliser  prt^jectiles  indented  the  plate  only  about  1 J  inch 
and  the  Holtzer  projectiles  broke  up  after  their  points  had  penetrated.g 

^  Journal  of  the  FranMin  ImUitUe,  7oL  oxxjuit.  pp.  dST-BStSp  421-453 ;  vol.  oxitzir. 
pp.  3[M2. 

t  Vol.  IxKiv.  pp.  49,  147,  240-241. 
1  Enpineti'mfff  vol.  II v.  p.  210. 
g  Indu§trie9t  iroL  xOL  p.  4^7- 


The  Carburisation  of  Iran. — The  yarioiu  theories  to  account 
for  the  carburisatiou  of  iron  are  briefly  reviewed  hy  Mr.  J.  Parry»* 
who  attempts  to  show  that  the  physical  theory  of  solution  may  be 
applicable,     At  the  present  time  it  cannot  be  considered  as  proved 
that  true  chemical  combinations  are  formed  between  iron  and  carboD, 
whilst,  on  the  other  hand,  there  is  a  considerable  mass  of  eyideDoe 
against  the  explanation  of  the  facts  by  a  simple  process  of  ehemical 
aejlution.     The  researches  of  Percy,  Kobe rts- Austen,  Abel,  Matthicaou, 
Deville,  Graham,  Bell,  Ledebur,  Akerman,  and  Spencer,  on  one  side 
or  the  other,  are  meutiouei],  and  from  their  results  the  author  con- 
cludes that  the  chemical  theory  of  solution  does  not  seem  applicable 
cm   the  wholt'.      By  tlie  physical  or  gaseous  theory  of  solution  the 
substance  is  dissolved  by  virtue  of  osmotic  pressure,  which  Van  't  Hoff 
has  shown  corresponds  to  gaseous  pressure   in  space.     Boyle's  smi 
Charles'  laws  hold  good  with  reganl  to  dilute  solutions,  while  con- 
centrated  solutions   may   be   regarded   as   gases   at   high   pressurei 
Avogadro's  law  also  holds  to  a  certain  extent.      No  definite  lioe  U 
drawn  between  solids  and  liquids  especially  when  the  solid  is  heAt^i 
besides  which  there   is   interstitial   space  between  the  molecules  in 
solids,  so  that  the  law  may  be  applicable,  though  perhaps  with  ffiwii- 
fications.     It  is  difficult  to  comprehend  the  union  of  stable  boiliea  We 
carbon  and  iron,  but  the  application  of  the  law  of  osmose  renders  mofw 
easy  the  conception  of  the  transfer  of  iron  to  carbon.     Taking  ifit^ 
consideration  the  differences  between  solids  and  liquids  to  whicii  tlie 
theory  has  been  applied,  the  difficulty  of  its  further  application  only 
becomes  one  of  degree ;  the  quantity  of  matter  dissolved  in  a  givp" 
time  is  simply  a  function  of  the  temperature,  and  at  low  teonpr»' 
tures  the  eS*ective  osmotic  pressure  is  comparable  to  that  of  a  iiq^ 
evaporating  under  the  pressure  of  its  own  vapour 

Gbanges  in  the  Composition  of  Steel  during  Hechanical 

*  Nature^  vol.  xlvl  pp.  283-28u. 
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Treatment. ^L.  Kiirup  *  describes  experiments  wUkh  Lave  been 
made  in  order  to  ascertain  what  changes  in  chemical  composition  a 
piece  of  steel  experiences  when  submitted  to  mechanical  treatment. 
Two  pieces  of  steel  were  taken,  one  rlrawn  out  without  annealing  until 
the  wire  broke,  and  the  second  after  annealing  drawn  down  to  0^27 
inch  and  then  examined.     Analysis  gave  the  following  results: — 


MnterUl, 


Tntul 
CarbaiL 


Origjnftl   metal  —  cracible 
iteel. 

After  rolling 

The  wire  broken  after  liuv- 
itig  been  drawn 

The  wire  ^fttjr  sumeidiug 


L 


Per  cent. 
0  730 
0^730 

0730 
0732 
0732 
07:«J 
073D 


Combli}«d 
Gftrboii. 

M«i]g«isie«e. 

Plio- 

aUieou. 

Per  coniL 

P^OBllt. 

P*r  cent. 

P*roent. 

0-7.1 

0-208 

M80 

0*149 

i      0*73 

O20B 

0*030 

0145 

072 

0-305 

0  050 

0-^2 

0T2 

0-205 

otm 

0-212 

0'7H 

0-305 

0U12 

0160 

0  73 

0/JlO 

0-036 

0-1112 

Ci-71 

0-230 

0045 

0  208 

0*70 

0l>30 

ODnO 

0-L*05 

The  second  sample  gave  the  following  results  after  having  been 
treated  as  described  above  :— 

Sample  IL 


MuterlAl. 


Original    metal     -  cnicible  \ 
Bteel \ 

After  rulUiig         ,         .         | 

The  wire  broken  during  the  ( 
dniwit^g    .         ,         .         I 

The  annwilefi  wire 


Total 
Carbon, 


'^SiSr' I  ««'«»•"«•  JK; 


0-805 
0-803 
0800 

o-«oo 

0"802 
0-802 
0'800 
0-802 


1 
Pcreutitw   ' 

FeriMSnL 

Pw  Mnt 

080 

0-250 

o-o;*o 

0  80 

0-248 

0-0:^0 

0-78 

0-258 

0<M4 

0-78 

0-268 

0041* 

0-80 

0-256 

0-036 

0  80 

O'2i50 

0-035 

0*77 

0-265 

0-040 

0-78 

0-2<JO 

0-043 

Silicon. 


0-200 

0-202 
0240 
0-23B 
0-200 
0-108 
0-235 
0-235 


I  The  maugauese  in  each  specimen  was  determined  both  by  precipita- 
tion  and  volumetrically,  and  the  phosphorus  both  by  the  magnesia 
and  molybdate  methods. 


Action  of  Nitric  Acid  on  Iron,— C.  Montemartini  t  dissolved 
iron  and  other  metals  in  nitric  acid  at  8"*  C.  The  evolution  of  ammonia 
was  found  not  to  be  confined  to  dilute  solutions  of  nitric  acid,  0*0051 

*  Stahl  umi  Eintii^  vol.  xii.  p.  471. 

t  OazzcUa  Chimka  ItaHana^  vol  x%iL  pp.  250-265. 
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gramme  of  ammonia,  for  instance,  beitig  formed  per  gramme  of  iron 
dissolved  in  47  per  cent  nitric  aciJ.  The  gases  e%^olved  by  the  dis* 
solution  of  one  gramme  of  iron  in  excess  of  27*5  per  cent,  nitric  acid 
were  as  follows  ; — 

AmmoDiii  .        ,  0  02493 

Nitrous  ncid  0D01% 

KitroUB  oxide    .        .         ,  ...     0*00422 

Nitrogen   .....  ...     0iX)(M5 

Niirio  ojiidc      .... 

TotiJgiw   ...  00;I5;j3 

These  numbers  agree  neither  with  the  hypothesis  that  the  dissolution 
of  the  metal  is  accompanied  by  the  formation  of  niiscent  hydrogen,  nor 
with  that  of  the  direct  oxidation  of  the  metal  by  tlie  acid.  The  con- 
clusion arrived  at  by  the  author  is  tlnit  nitric  acid  acts  as  an  oxidising 
agent  in  conjunction  with  the  water  present,  the  latter  entering  mio 
the  reaction. 

The  Relative  Oorrosibility  of  Weld  and  Ingot  Iron.— It  is 

stated  by  Sciiromm*  that  he  has  lon^  observed  in  ship  plates  which 
have  been  subjected  to  the  action  of  salt  water,  that  ingot  metal  is 
very  much  more  rapidly  corrodeii  than  weld  iron.  This  he  attri- 
butes to  the  greater  number  of  blowholes  in  the  metah  Profeswr 
Kupelwieser,  on  the  other  hand,  attributes  this  freedom  from  corrosioB 
possessed  by  the  weld  iron  to  the  layers  of  slag  which  are  pressed 
into  th«  metal  during  its  manufacture. 

Alloy  of  Antimony  and  Iron. -- According  to  Professor  F.  Com- 
nielli,  t  ^^  alloy  of  400'  grammes  of  fresh  iron  filings  with  20Qgraojinf8 
of  antimony  emits  red  and  white  sparks  when  rubbed  by  a  coarse  Ilk 
This  is  ascribed  to  the  low  heat  of  ignition  of  the  alloy. 

Triple  Alloys  of  Iron,  Manganese,  and  Aluminium*— In  a  pflp^'f 

read  before  the  British  Association,  Mr.  T,  W.  Hogg  J  observes  tb*l 
while  both  manganese  and  aluminium  reduce  or  destroy  the  mflgiie*^ 
property  of  iron^  the  opposite  result  is  observed  when  both  are  pre8«»^ 
together. 

Thus  each  of  the  two  alloys  of  which  analyses  are  given  below  *•* 
strongly  magnetic.     They  were  obtfdned  by  pouring  into  a  crucible 

*  Stahl  und  Miien,  vol.  xil  pv  5dB. 

t  It  ProgretiOt  tbrougb  Engineering  and  Mining  Jottmtd,  vol  liti.  p.  <H1> 

t  Chemical  News,  voU  Ixvi  p.  140. 
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containing  5*56  lbs,  of  fased  alumiuiamf  99*5  par  cent,  fine,  50  IbB.  of 
d2  per  cent  feiro-manganese.  The  mass  became  almost  immediately 
Tery  pasty,  and  was  poured  at  once.  When  about  two-tliirds  of  the 
alloy  had  been  poured,  the  remainder  suddenly  solidified.  It  was  left 
to  itself  in  the  crucible  for  twelve  months,  at  the  end  of  which  time 
complete  disintegration  had  taken  place.  The  other  portion  showed 
no  disintegration.     The  analytical  results  were  as  follows : — 


Dcftertptioij. 

1- 

AUoy. 

Xbn*l>Utnteg- 
rmted  Portion. 

Iron 

Man^iitie«e 
Carbon   . 
Alamiiiiiitii     . 
Silicon     . 
8uli>hur. 
PliQ»pbonii     . 
Copper  . 

For  cent. 
10  80 
54-86 

2-32 
25-^ 

079 
truce 

Oil 

0"07            ' 

For  ciifit. 

1480 

75-40 

5-66 

S*05 

01^ 

tnioe 

018 

0-08 

T 

oifiU 

' 

94  20 

mm 

The  disintegrated  portion  had  the  specific  gravity  of  3*6 L  The 
fluid  portion  of  the  alloy  was  almost  as  strongly  magnetic  as  iron  itself, 
and  the  portion  which  solidified  was  also  strongly  magnetic,  although 
the  quantity  of  both  the  manganese  and  aluminium  was  in  itself  suffi- 
cient to  destroy  the  magnetic  power  completely  if  only  one  of  these 
two  elements  had  been  present  instead  of  both. 

The  deficiency  in  the  first  analysis  is  ascribed  to  oxygen*  and  Mr. 
G.  Craig  *  suggests  that  the  disintegration  may  be  due  to  the  oxidation 
rather  than  the  oxidation  being  a  sequel  of  the  disintegration. 

•  Chemiciil  Netti^  vol,  Ixvi,  p.  160, 
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I.— ANALYSIS  OF  IRON  AND  STEEL 

The  Separation  of  Iron  from  other  Elements.— J.  W.  Rothe* 
shows  tliat  ferric  salts  dissijlved  in  liydrockloric  acid  can  b«j  ex* 
tracted  with  ether  from  this  solution,  whilst  ferrous  salts  must  be 
converted  into  ferric  ones  before  this  treatment,  as  they  arc  not  so 
readily  soluble  iti  ether,  Manganons  salts  and  those  of  chromic  oxiiie, 
nickelous  oxide,  and  aluniina  do  not  pass  into  solution  in  the  eibef 
used,  but  Bmall  quantities  of  cobalt  and  of  copper  are  so  extracted. 
These  can,  however,  be  again  extracted  from  the  ether  solution  Vf 
shaking  it  with  hydrochloric  acid  of  the  specific  gravity  1*104,  the 
slight  cjuantity  of  iron  which  jiasses  into  the  acid  being  again  regaind 
by  farther  treatment  witli  ether. 

In  analysing  a  steel  the  author  dissolves  5  grammes  of  the  metal  in 
40  cubic  centimetres  of  hydrochloric  acid  of  the  specific  gravity  l'I34 
(at  19*  C),  heating  gently  on  the  water-bath.  The  solution  is  then 
evaporated  to  dryness,  first  on  the  water-bath  and  then  on  an  air-hath 
of  a  temperature  of  120"  C,  Tlie  dry  residue  is  dissolved  in  20  cubic 
centimetres  of  the  same  hydrocliloric  acid,  and  heated  to  boiling* 
After  dilution  with  three  times  the  yolcme  of  water,  the  ailia  i» 
filtered  off.  The  filtrate  is  evaporated  in  a  porcelain  dish  tfll  hydro* 
chloric  fumes  beiriti  to  escape,  and  then  10  cubic  centimetres  of  coc* 
centrated  hydrochloric  acid  are  added,  and  when  boiling  3  to  2'5 
cubic  centimetres  of  nitric  acid  of  the  specific  gravity  1'4  are  added 
drop  by  drop.     Finally,  the  sohition  is  evaporated  on  the  water-bath 

•  MUih^ungen  am  d,  kgh  Uchn,  VenmhMfnttAlUn  su  Btrii%  val.  at.  p.  1X2. 


to  it  has  attained  the  coDsUtency  of  a  syrup,  or  until  basic  iron 
[chloride  begins  to  form.  The  solution  is  now  of  the  bulk  of  about 
10  cubic  centimetres,  and  is  transferred  to  a  sepamting  tlask  of  peculiar 
construction,  where  it  is  diluted  with  55  or  60  cubic  centimetres  of 
fcjdrochloric  acid  of  the  specific  gravity  1*124,  and  then  extracted 
jlwice  with  ether.  If  much  cobalt  or  copper  hits  passed  into  solu- 
laon  both  the  first  and  the  second  ether  extract  must  be  shaken  up 
Irith  10  cubic  centimetres  of  the  dilute  hydrochloric  acid  already 
Referred  to.  If  alumina  is  present  in  the  iron  solution  to  be  treated 
with  ether,  care  must  be  taken  that  the  solution  is  perfectly  c]ear, 
pod  that  no  basic  alumina  salts  are  present.  This  method  has  already 
■eon  used  by  the  author  for  over  one  hundred  analyses  of  steel  and 
pi  iron  alloy  B. 

The  DeterminatiaE  of  Carbon. — C.  Reinhardt*  describes  an 

pparatus  for  the  determination  volumetrically  of  the  total  carbon  in 
oil  and  steel.  This  apparatus  consists  in  principle  of  a  generating* 
with  attached  absorbing  and  measuring  vessels.  The  carbon  is 
t  completely  to  carbonic  anhydride  by  passing  the  products  of  the 
idatioQ  by  bichromate  and  sulphuric  acid  over  a  spiral  of  palladium 
ire  kept  at  a  red  heat  by  a  current  of  electricity.  The  absorption 
gements  are  complete,  and  that  for  the  reading  off  of  the  mercury 
f0L  IB  also  sucii  as  to  lead  to  accurate  deLermiuations  being  obtained 
great  facility »  The  method  of  using  this  apparatus  is  also 
ibed. 
H,  Rubricius  t  describes  a  modification  of  the  Vogel  apparatus  for  the 
determination  of  carbon  in  iron  and  steel.  The  apparatus  as  modified 
is  practically  a  Bun  to  burette  as  used  for  gas  analysis.  A  single  3- way 
gUss  stopper  is  used  instead  of  the  complicated  arrangemeut  originally 
SDggested,  and  the  apparatus  is  not  only  simpler  but  muidi  less  liable 
to  fracture. 

Filtering  Carbon  Residues.— W.  P.  Barba  t  refers  to  the  filtra* 
tiojk  of  the  carbon  residues  left  on  dissolving  steel  in  ammonium-copper 
chloride.  Sometimes  this  re&idtie  is  very  hard  to  filter  properly,  but 
it  may  be  filtered  rapidly  if,  after  the  solution  has  been  effected,  the 
delation  is  allowed  to  stand  for  fifteen  minutes  to  admit  of  the  carbon 
%«ttUng.     As  much  as  possible  of  the  liquid  is  then  decanted,  some 

•  Stahl  urtd  EiieHf  vol.  xi\.  pp,  54S-^55,  with  «ix  iUtuinittoni. 
f  Chemiker  Ztiiutm\  vol.  xvi.  p.  81!). 
%  Stahl  und  EUen^  vol.  xn.  i>.  3SO 
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fine  asbestos  ts  mixed  in  with  the  carbon,  and  Uie  whole  filtered.    Thf 
filtering  is  then  effected  with  ease. 

The  Determination  of  Manganese,— L.  Schneider  ♦  diaolm 
2  grammes  of  the  sU^el  in  iiOO  cubic  centimetres  of  a  sttlphuric  mi 
consisting  of  1  part  of  acid  to  2  of  water.  It  is  oxidised  by  boiling 
with  5  cubic  centimetres  of  nitric  acid,  the  boiling  solution  bwaf 
digested  for  fifteen  minutes  with  leatl  peroxide.  A  farther  addition 
of  lead  peroxide  is  then  made,  and  the  flask  cooled  down,  shaking  thf 
solution  frequently.  Any  chromium  present  b  oxidised  to  chromaUi 
and  the  manganese  to  permanganate.  The  solution  is  filtered  through 
asbestos T  diluted  to  a  litre,  reduced  by  the  addition  of  an  excess  of 
ammonium  ferrosulphate,  as  in  the  case  of  chromium,  and  the 
excess  so  added  determined  by  titration.  By  making  a  sepanite 
determination  of  the  chromium  by  boiling  with  the  lead  peroxide,  the 
percentage  due  to  the  presence  of  this  element  can  be  subtracteJ 
from  the  titration  result,  the  residue  representing  the  manganese  that 
was  to  be  determined. 

H.  Rubricius  t  dissolves  2  grammes  of  the  metal  placed  in  a  siD*U 
beaker  in  as  little  hydrochloric  acid  as  possible,  dilutes  the  solution 
somewhat,  and  then  oxidises  with  a  few  drops  of  nitnc  acid.    Till 
solution  is  then  diluted  with  water  to  from  500  to  600  cubic  centi- 
metres, and  very  accurately  neutralised  with  sodium  carbonate.    Aftflf 
the  neutralisation  is  complete,  the  iron  is  precipitated  by  a  milk  of 
line  oxide,  too  large  an  excess  of  the  precipitant  being  avoided.    At 
first  the  precipitate  is  gelatinous,  but  on  the  addition  of  more  zinc 
oxide,  and  stirring  strongly,  it  passes  into  a  more  granular  form,  wliicl' 
rapidly  settles.     An  addition  is  now  made  of  from  2  to  3  grammes  of 
magnesium   sulphate,  and  the   whole  is  slightly  heated.     It  is  th**n 
immediately  titrated  witli  permanganate.     The  end  point  is  readily 
observed  owing  to  the  extent  to  which  the  dilution  has  been  csined, 
the  precipitate  settling  below  a  clear  solution.     At  the  commencement 
of  the  titration,  especially  if  the  metal  under  examination  conUiin 
from  1  to  2  per  cent,  or  more  of  manganese,  the  supernatant  clear 
solution  shows  a  brownish  tinge,  but  this  disappears  as  the  dtntion 
progresses,  and  does  not  interfere  with  the  final  reddish  colour, 

Mn  C.  F.  Van  Grundy  J  gives  some  notes  on  Textor*s  rapid  metM 

•  OciUTreit'hmht  £eii4chrift  fUr  Berg-  nnd  ffUUawejient  vol  x1.  p.  387* 
f  ^eitKkri/i  fur  AnfftwandU  Chemu,  1892.  p.  274. 

X  P&per  rend  beforo  the  Chemiciil  Seotion  of  the  ^En^eam*  Sooietj  of  Wvt*** 
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for  the  determiiiation  of  manganese  in  steel.  This  method  k  as 
follows  :^ — ^Dissolve  0*1  gramme  of  steel  in  15  cubic  centimetres  of 
nitric  acid  of  the  specific  gravity  1*20,  boil  till  free  from  brown  fumes, 
add  15  cubic  centimetres  of  hot  water,  and  while  boiling  introduce 
half  a  gramme  of  lead  peroxide*  Boil  three  minutes,  filter  through 
asbestos,  and  wash  with  a  2  per  cent,  solution  of  nitric  acid.  Titrate 
with  arseniouB  acid  till  the  pink  colour  disappears.  The  author  notes 
the  precautions  to  be  employed,  and  describes  the  best  form  of  filter 
to  use,  with  a  view  to  shortening  the  time  required  for  filtration. 
The  time  so  required  is  about  ten  minutes,  and  concordant  results  are 
readily  obtainahle. 

The  Determination  of  Phosphorus.— A  modification  of  the 
Hundeshagen  method  is  described  by  Dr.  M.  Roth  berg  aud  W.  A.  Anch- 

tinvole.*  Two  grammes  of  the  steel  are  disaolved_in  20  cubic  centimetres 
of  nitric  acid  in  an  Erlenmeyer  flask.  When  the  violent  reaction  has 
ceased,  the  contents  of  the  flask  is  heated  to  boiling,  oxidised  with 
j)otasamm  permangauate^  the  precipitated  manganese  peroxide  dis- 
I  solved  by  the  use  of  sugar  or  ferrons  sulphate,  aud  the  whole  boiled 
for  another  minute,  allowed  to  cool  to  40"  C,  50  or  60  cubic  centi- 
metres of  molybdate  solution  added,  shaken  for  a  minute  or  so,  allowed 
to  stand  in  a  warm  place  for  five  minutes,  and  then  filtered  in  the  usual 
way,  washing  with  dilute  nitric  acitl,  and  then  with  a  solution  of  3 
grammes  of  potassium  nitrate  in  a  litre  of  water. 

The  precipitate,  together  with  the  filter,  is  charged  into  a  small 
beaker,  and  then  from  a  burette  a  solution  of  caustic  soda  is  nin  in 
in  a  quantity  sufliicient  to  dissolve  the  precipitate.  This  is  then  dilated 
to  50  cubic  centimetres  with  water,  two  drops  of  phenolphthalein  are 
added,  and  the  whole  titrated  back  rapidly  with  nitric  acid.  If  the 
solutions  have  been  so  chosen  that  1  cubic  centimetre  of  alkali  is 
equivalent  to  1  cubic  centimetre  of  acid,  then  the  number  of  cubic 
centimetres  of  combined  alkali  used,   multiplied  by  0*02,  gives  the 

percentage   of  phosphorus   contained    in   the   steel,  assuming  that 

6 

solutions  have  been  employed. 

H.    Neubauer  t   observes   that   ammonium   magnesium   phosphate, 

when  strongly  heated,  loses  a  portion  of  its  phosphoric  acid  by  voktili- 

sation,  if  the  precipitate  had  been  produced  in  a  solution  of  ammonia 

*  Jounuil  of  Aiial!^ti('aJra}id  Applictl  Ch^mi^tr^y  vaL  vL  pp.  24^i'245. 
t  ZfiUchrift  fiir  AiwrganiBchc  Clicinie^  vol,  ii  pp,  45-60. 
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9alt8,  with  free  ammonia,  and  exceeding  a  certain  degree  of  cone 
tion,  ThiB  18  probably  <Iao  to  the  phosphoric  acid  in  the  presence 
ranch  ammonia  salts  not  btjing  precipitated  completely  in  the  form  of 
the  dimagnesiam  ammonium  phosphate,  MgNHJ*0^,  but  partially  in 
the  fonn  of  the  monophosphate  Mg(NHjj(PO^),.  This  on  healing 
is  decomposed,  metaphosphate  being  formed,  which  in  turn  becomes 
pyrophosphate^  with  liberation  of  phosphoric  anhydride,  aa  shown  by 
the  equation,  2M£:{P0,).,:=  ^fir^P.O-  +  P,0.. 

Mr.  E.  K,  Landis  *  iintis  that  the  precipitation  of  ammonium^mag- 
nesium  phosphate  in  the  citric  acid  process  for  the  detemiination  of 
phosphorus  in  pig  iron  is  considerably  hastened  by  constant  stirring. 
In  view  of  this  a  mechanical  stirrer,  worked  by  a  small  water-wheel, 
is  used.  The  precipitation  takes  half^an-hour,  being  only  a  quarter  of 
tlie  time  that  would  be  required  if  the  solution  were  left  standing,  and 
the  results  are  quite  as  accurate.  Tlie  process  used  for  the  determina* 
tion  is  described. 

li  Zimmermann  t  describes  a  nietliod  for  the  determination  of  phos- 
phorus in  pig  iron  and  steeh  It  is  based  on  the  observation  of  E 
Metz,  that  a  precipitate  of  ammonium  phosphododekamolybdate,  con- 
tain in  j^  1  -73  per  cent  of  phosphorus,  has  the  specific  gravity  3*fJ52, 
Using  an  apparatus  of  known  volume  and  weight,  filled  with  a  sohi- 
tinn  also  of  known  volume  or  weigjjt,  the  displacement  of  this  solution 
by  the  precipitate  to  hn  determined,  gives  a  rapid  method  for  the  cal- 
culation of  the  phosphorns.  As  such  solution  the  author  uses  a  1  per 
cent  solution  of  nitric  acid,  with  the  specific  gravity  I'OOf?.  Fiv«? 
grammes  of  the  metal  in  which  the  phosphorus  is  to  be  determined 
are  dissolved  in  the  usual  way  in  nitric  acid  of  the  specific  gravity 
1*2,  oxidised  with  potassium  permanganate,  the  manganese  peroxide 
reduced  with  hydrochloric  or  oxalic  acid,  to  the  clear  solution  am- 
monium  nitrate  added,  and  then  the  phosphorus  precipitated  by  a 
large  excess  of  molybdate  solution.  After  shaking  well  for  a  few 
minutes  the  precipitate  is  alhnvei)  to  settle,  and  the  clear  solution 
removed  in  about  twenty  minutes  by  decantation.  In  the  following 
operations  care  must  be  taken  to  avoid  temi>erature  alterations,  with 
their  concomitant  changes  in  the  density  of  the  solution,  «fcc.  The 
precipitate  is  washed  on  a  filter  with  the  r002  nitric  acid  solu- 
tion, and  is  then  washed  with  the  same  solution  into  the  measanng 

•  Tramactiona  a/the  American  Institute  of  Mining  Sni^inetrtt,  Luke  Champion  Bi«ft- 
iiig  (advance  proof), 
t  Staht  un4  Ei»en^  voL  xii«  pp.  524-52T. 


appamtus — the  pykEomeLer  After  closing  and  drying  this,  it  is 
weighed  with  its  contents.  The  further  calculations  ore  easy,  and  are 
given  by  the  author  in  detail. 

The  DctermiEation  of  Sulphur. — L,  Blum  *  paases  the  sulfjlm- 

retted  hydrogen  pn>duced  on  solution  of  the  metal,  into  ammoniacal 
hydrogen  peroxide,  or  into  brorao-lijdrochloric  acid.  To  destroy  the 
action  of  the  gelatinous  hydrocarbon  compounds  which  form  in  the 
bromo-hydrochloric  acid,  this  latter  h  placed  in  an  Erlenmeyer  flask 
of  400  cubic  centimetres  eapacity,  a  piece  of  asli-free  filter  paper 
ia  added,  and  then  thi^  bulk  of  the  acid  neoirali&ed  by  ammonia. 
When  using  hydrogen  peroxitje  this  is  acidulated  with  bromo-hydro- 
chloric  acid,  precipitated  witb  barium  chloride  in  the  usual  manner,  and 
then  boiled  down  to  one-half  of  the  original  volume.  Tiie  filter- paper 
added  aa  above-mentioned  is  broken  up  into  its  fibres,  to  which  the 
gelatinous  bromine  compounds  attath  themselves,  and  the  solution 
clears  so  rapidly  that  after  iieatiug  lor  about  half  an  hour  filtration 
can  be  effected. 

The  same  author  describes  t  anti  illustrates  an  apparatus  for  the 
absorption  and  oxidation  of  the  sulphuretted  hydrogen  evolved  on  the 
solution  of  the  steel  in  acid.  It  consists  of  a  glass  bulb  attached  to 
a  long  tube,  fused  ijito  a  similar  j^daas  arrangement.  The  gas  can  thus 
bo  maiie  to  pass  up  through  a  long  column  of  the  oxidising  solution 
employed. 

W.  ThornerJ  publishes  an  illustration  of  an  apparatus  for  use  in 
the  determination  of  sulphur  in  steel.  It  consists  of  a  flask  provided 
with  an  indiarnbber  stopper  through  which  a  funnel  tube  passes. 
B#Iow  tbe  funnel  is  a  glass  cock,  and  beh>w  this  again  a  tube  enters 
at  the  side.  The  flask  itself  has  a  tube,  rising  upwards  for  a  short 
distance,  blown  into  the  neck^  and  this  bending  downwards  is  con- 
nected with  a  bulb  absorption  apparatus. 

The  Deteriniiiation  of  Chromiimi.— L.  Schneider  §  dissolves  2 
grammes  of  the  steel  in  100  cubic  centimetres  of  dilute  sulphuric 
actd,  consisting  of  1  part  of  acid  to  10  of  water  When  the  solution 
ia  complete,  the  ferrous  oxide  is  oxidised  by  the  addition  of  5 
cable  centimetres  of  concentrated  nitric  acid,  the  whole  being  boiled 

*  ZeiUekfift  fUr  Anaifftiaehe  ChemU^  voL  xxxi.  pp.  290-292. 
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X  Stakl  und  £Uen,  voL  xii.  p.  527. 
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until  the  brown  fumes  h&ve  ceased  to  appear.  To  the  boUiog 
solution  about  5  gramines  of  lead  peroxide  la  added,  the  solution 
being  kept  at  the  boil  for  a  quarter  of  an  hour.  After  the  oxida- 
tion of  the  chromium  the  solution  is  diluted  with  water,  allowed 
to  cool,  and  the  excess  of  lead  peroxide  filtered  off.  The  filtrate 
ia    then    made    amiuouiacal    and    boiled    for   a   few    minutes.      Anj 

unganeae  present,  which  would  by  this  operation  have  been  con* 
Yerted  into  permanganate,  decomposes  rapidly  and  completely,  and  the 
sulution  remainini^'  above  the  ferric  oxi*le  should  appear  of  a  clear 
yellow  colour.  If  ^  the  percentage  of  chromium  in  the  steel  is  so  small 
that  the  yellow  colour  it  imparts  to  the  solution  cannot  with  certainty 
be  determined,  the  ammoniacal  solution  is  filtered  and  the  filtrate 
acidulated  with  sulphuric  acid,  by  which  means  it  becomes  possible 
to  detect  even  slight  traces  of  chromium  by  the  yellow  colour  imparted 
to  the  solution*  If  the  percentage  of  chromium  reaches  O'l,  this 
filtrjition  of  the  ammoniacal  solution  is  unneceseary,  as  the  solution 
will  be  distinctly  yellow.  In  that  case  the  precipitated  ferric  oxide 
is  dissolved  direct  by  a  little  sulphuric  acid*  If,  however,  it  is  dis- 
coloured by  precipitated  manganese  dioxide,  filtration  is  necessary. 
The  clear  solution  is  diluted  to  at  least  1  litre,  and  the  chromium 
determined  by  the  addition  of  an  excess  of  ammonium  ferrosulphate 
and  titration  of  the  excess  uf  this  salt  so  added. 

In  the  case  of  ferrochromium  rich  in  the  latter  metali  in  order  to  con- 
vert the  whole  of  the  chromium  into  chromate»  it  is  necessary  to  boil 
the  sulphuric  acid  solution  for  about  an  hour,  and  then  to  add  a  further 
addition  of  lead  peroxide  and  to  repeat  the  operation. 

The  process  recommended  by  Mr.  T  W.  Hogg  ♦  for  the  determina- 
tion of  chromium  in  steel  is  a  modiiication  of  Galbraith's  method.  He 
uses  a  stronger  acid,  consisting  of  one  part  of  sulphuric  acid  with  two 
of  water,  and  boils  vigorously*  The  solution  is  highly  coloured,  the 
chromium  salt  masking  the  colour  of  the  ferrous  sulphate.  As  little 
as  O'l  per  cent,  is  sufficient  to  colour  the  solution. 

Dr.  J.  Clark  t  discusses  the  determination  of  chromium  in  chromium- 
iron  alloys.  He  refers  to  the  statement  of  Warren  that  ferrochromium 
is  readily  soluble  in  strong  sulphuric  ncid,  but  he  has  found  that  the 
solution  is  not  complete.  The  various  other  methods  of  o}>ening  u[> 
this  alloy,  such  as  fusion  with  sodium  carbonate  and  nitre,  or  with 
other  fusion  mixtures,  are  also  referred   to.     The  author  prefers  lo 

*  Joiurnal  of  tht  Society  of  Chemicai  Inuiuttrg,  vol.  x.  pp.  340-311. 
t  fbid,,  vol  XL  pp.  &01-504. 
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heat  the  alloy  with  five  times  its  weight  of  a  mixture  consisting  of  two 
parts  of  freshly  calcined  magnesia  and  three  of  finely  pulverised  sodium 
hydrate.  On  heating  g^»^tb%  *  rapid  oxidation  takes  place.  After 
extracting  with  water,  the  residue  is  reheated  as  before.  All  the 
chromium  will  pass  into  solution  and  can  theu  be  determined  in  the 
Qsual  way.  Instead  of  the  magnesia-soda  mixture,  one  of  lime  and 
fioda  may  be  employed.  In  the  case  of  poorer  alloys,  such  as  chromium- 
steel,  the  sulphur  and  carhon-bisulplnde  processes  are  far  the  best 
On  heating  in  sulphur  vapour  Cr^S^  and  FeS  are  formed,  but  heating 
in  carboM-bisulphide  vapour  gives  still  better  results.  The  mixed 
sulphide  can  be  converted  into  oxide  by  roasting,  and  the  remainder 
of  the  process  presents  no  difficulties. 

The  Determination  of  some  Rarer  Elements  in  Steel  —  L. 

Schneider*  determintfs  in  tlie  following  maiiotfr  thus  percentages  of 
aininlniumj  titanium,  tin,  antimony,  vanadium,  caleinm,  and  magnesium 
in  steel : — 12  grammes  of  the  steel  are  dissolved  in  150  cubic  centimetres 
of  nitric  acid  of  1  *2  specific  gravity,  the  heating  being  continued  until 
the  solution  is  complete.  Then  12  grammes  of  tartaric  acid  is  added. 
This  quantity  is  sufficient  to  maintain  the  whole  of  the  ferric  oxide 
dissolved  when  the  solution  is  made  ammoniacal  Next  a  mixture  of  200 
cubic  centimetres  of  water  and  an  equal  quantity  of  strong  ammonia  Is 
added  to  the  iron  solution.  A  considerable  precipitate  is  formed,  but  this 
puses  into  solution  again  on  heating  till  the  solution  is  almost  at  a  boil- 
ing heat.  The  solution  is  then  clear  and  of  a  dark  colour.  It  is  trans- 
ferred to  a  2-litre  measuring- fla^-sk,  largely  diluted  with  hot  water, 
and  the  iron  and  manganese  precipitated  by  ammonium  sulphide.  To 
avoid  using  an  excess  of  ammonium  sulphide  about  50  cubi^  centimetres 
of  ammonia  is  saturated  with  sulphuretted  hydrogen  after  dilution  with 
an  equal  quantity  of  water.  This  is  then  used  as  the  precipitant.  After 
being  well  shaken  the  contents  of  the  Hask  is  dihited  to  the  2-litre  mark 
and  then  allowed  to  settle,  either  in  the  tlask,  or,  ami  preferably,  after 
transferring  to  a  large  beaker.  It  is  then  filtered  through  a  dry  filter, 
which  must  have  been  well  washed  with  hydrochloric  acid  and  then 
with  hot  ammonia  water.  If  this  is  not  done  small  quantities  of  cal- 
cium and  magnesium  pass  into  the  filtrate  from  tlie  filter-paper,  even 
when  the  solution  being  filtered  is  ammoniacal  This  might  lead  to 
the  erroneous  assumption  that  both  these  elements  were  present  in  the 
steel  under  examination.     Of  the  filtrate,    15  litre,   equivalent  to  9 

•  €fe9(errHeki9chf  XeiUrk rift  fit r  Btrff-  nnd  Hutttnm»tn^  vol*  xl.  pp,  471-473, 
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grammes  uf  the  steel,  is  evaporated  in  &  pUtiuum  basin.  As  the  iolu- 
tion  bears  dryness,  concentrated  hydrochloric  acid  is  added  at  inter* 
vals.  Gaseous  decomposition-products  of  the  tartaric  acid  are  in  this 
way  formed,  and  the  residue  evaporates  quietly.  It  is  finally  heated 
to  dull  redness.  Next  by  moistening  with  a  few  drops  of  sulphoric 
and  hydrofluoric  acids  the  silica  present  is  driven  off.  Then  since  both 
titanic  and  vanadic  acids  are  solnble  in  ammonia  in  the  presence  of 
tartaric  acid,  the  residue,  in  addition  to  alumina,  may  contain  these  two 
acids,  as  weU  as  stannic  acid,  antimonious  acid,  Lime  and  magnedi. 
These  latter  would  be  only  present  in  exceptional  cases,  and  their  de* 
termination  in  the  presence  of  iron  is  a  matter  of  no  difficulty.  To 
determine  the  alumina  contained  in  the  residue,  it  is  fused  with 
sodium  carbonate,  the  fused  mass  boiled  wiili  sulphuric  acid,  and  the 
alumina  precipitated  from  the  clear  solution  by  ammonia.  In  the  sul- 
phuric acid  solution  of  the  alutnina  the  presence  of  titanium  may  be 
detected  by  the  aiidition  of  a  few  drops  of  hydrogen  peroxide^  the 
slightest  traces  of  which  would  then  lead  to  a  brilUant  orange  yellow 
colour.  This  reaction  is  so  delicate  that  it  may  be  used  aa  a  very  accu* 
rate  colorimetric  method  of  determination  of  the  titanium.  For  this 
purpose  it  is  necessary  to  prepare  a  solution  1  cubic  centimetre  of  which 
will  contain  exactly  1  niilligrainme  of  titanic  acid.  For  the  colorimetTic 
determination  of  the  titanium  existing  in  the  acid  alumina  solution,  a 
definite  quantity  of  this  standard  solution  would  be  diluted  with  it* 
own  bulk  of  hydrogen  peroxide,  and  the  solution  so  obtained  used  as 
a  standard  of  comparison  in  the  ordinary  way.  If  on  fusing  the  alu- 
mina  with  sodium  carbonate  the  fused  mass  becomes  of  a  greenish  hue, 
it  must  be  tested  for  vanadic  acid.  In.  tlie  filtrate  from  the  alumina 
the  lime  and  magnesia  can  be  determined  in  the  usual  wa}*. 

W,  Schoenrss,*  in  determining  aluminium,  dissolves  5  to  10  gram: 
of  the  steel  in  a  plaiiuum  disli  in  dilute  nitric  acid,  evaf>orates  to  dry- 
ness, heats  the  residue  over  a  Bunsen  burner,  and  then  heats  to  red- 
ness until  the  last  trace  of  nitrous  fumea  has  disappeared.  The  resultiug 
oxides  are  ground  fine  in  an  agate  mortar,  and  then  fused  in  a  silver 
dish  with  potassium  hydrate  free  from  alumina  and  heated  to  rsdoets. 
After  cooiing,  the  fused  mass  is  treated  with  hot  water,  filtered,  and 
washed  thoroughly.  The  filtrate  is  acidulated  with  hydrochloric  acid^ 
and  the  alumina  present  precipitated  in  the  ordinary  manner  with 
ammonia,  ignited,  and  weighed.  In  this  way  in  basic  open-heartb 
metal  the  alumina  can  be  obtained  perfectly  free  from  silica,  bat  from 

•  SiaM  und  Eiitn,  vol  xii.  p.  S27. 
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acld-made  steel,  crucible  st^el,  and  ferro-aluminiitm  the  alumina 
obtaioed  always  contains  silica.  In  this  case,  after  weighing  the 
alamina  it  is  treated  m  a  platinum  crucible  with  hydroBuoric  acid, 
evaporated,  and  ignited,  the  siUca,  of  course,  being  thus  driven  off.  In 
filtering  care  must  be  taken  to  nae  well-washed  filters,  and  the  beakers 
themselves  should  be  rinsed  out  with  at;id.  The  resulta  obtained  in 
ihU  way  are  accurate,  the  writer  having  frequ+'ntly  to  determine  the 
aluminium  in  steel  which  contains  hut  0*1  percent,  of  aluminiuin.  For 
such  a  small  percentage  as  this  at  least  10  grammes  of  the  steel  should 
be  taken. 

The  Determination  of  Slag  in  Wrought  Iron,— -When  puddling 
impure  iron,  the  yield  of  puddled  bar  is  greater  than  when  purer 
materials  are  used,  but  the  subsequent  loss  in  working  is  also  greater. 
These  effects  are  investigated  by  Mr  A.  E.  BaiTows  and  Mr.  T.  Turner,* 
whose  researches  do  not  liear  out  the  supposition  that  the  losses  are 
due  to  the  slag  contained  in  the  puddled  iron.  Best  and  common  bar 
and  sheet  were  made  from  two  samples  of  different  quality.  The  yield 
of  common  puddled  bar  was  6 '5  per  cent,  greater,  but  the  loss  in 
reheating  was  1"5  per  cent.,  showing  a  balance  In  favour  of  the  common 
iron  of  5  per  cent     The  composition  of  the  samples  was  as  follows  : — 
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This  shows  that  silicon  is  equally  removed,  but  only  to  a  slight  extent, 
to  each  ease,  while  phosphorus  was  much  reduced  in  common  iron  and 
but  scarcely  affected  in  the  best.  This  does  not  favour  the  view  that 
much  more  slag  is  removed  in  one  case  than  the  other. 

By  dissolving  the  iron  in  a  cold  solution  of  sodium  copper  chloride, 
the  results  below  were  obtained : — 

Beat  CotHTjiou. 

Bur.         Sheut.  Bar.        BheeL 

Slag,  per  c«ijt 383         2*58  3*85        2'85 

-     l'25t»erc«nt.  1^  per  ceut. 
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For  practical  purposes  the  weight  of  slag  in  commoD  and  best  mm 
may  be  taken  as  identical,  and  tbat  each  loses  about  the  same  wei^t 
of  slag  on  reheating  and  working.  The  additional  loss  on  reheating 
impure  iron  is  due  chiefly  to  the  elimination  of  pbosphorua,  probably 
in  the  form  of  ferrous  phosphate. 


The  International  Iron  and  Steel  Standards.— A  report  by 
the  committee  ut"  the  British  Association  on  the  international  iron 
and  steel  standards  has  appeared.  The  results  obtained  from  the 
four  samples  by  Mr.  W.  Jenkins,  Mr.  J.  S,  Packer,  Mr,  J,  Pattinsoo, 
Mr*  E.  Riley,  and  Mr.  J.  E.  Stead  are  now  published,  and  show  a  fairly 
close  agreement  A  short  account  of  the  methods  adopted  by  the  four 
last-named  analysts  is  also  given.  The  means  of  the  aeveral  resalts 
are  as  follow  : — 
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Standard  No.  5  has  been  prepared,  and  will  be  distributed  as  soati 
as  possible.  The  American  committee  have  nearly  finished  their  work 
on  the  first  four  samples,  but  tlie  GennaUj  French,  and  Swedish  report* 
have  not  yet  appeared.* 


The  Analysis  of  Gommerciai  Aluminium,— Messrs.  A.  K  Hunt, 
G,  H.  Clapp,  and  J.  0.  Handy  t  point  out  that  aqua  regia  dissolves  alu* 
minium,  even  when  the  nitric  acid  is  in  large  excess.  Silicon  exists  in 
the  metal  in  both  forms.  The  total  silicon  is  found  by  dissolving  w 
nitro-iiydrochloric  acid  and  evaporating  with  sulphuric  acid,  the 
insoluble  grapliitoidal  silicon  together  with  the  silica  being  fused, 
after  ignition,  with  sodium  carbonate,  and  the  fused  mass  di&solretl 
and  evaporated  with  sulphuric  acid,  as  before.  Iron  and  copper 
may  be  determined  by  the  usual  methods  of  titration.  In  deter- 
mining the  aluminiuin,  the  copper,  &c,  is  first  precipitated  bj 
sulphuretted  hydrogen^  and  then,  in  the  nearly  neutral  solution,  the 

*  InduatHcM,  vol  xiii.  vp.  282-283. 

t  Journal  of  Analytical  and  Applied  Chemxttrp,  vol,  vi.  pp.  24-^3:  Ck<mkai  Jltto* 
ToL  \xv.  pp-  223-226,  and  235. 


^umina  U  tkrowu  down  by  ammoaium  phosphate,  with  the  addition 
sodium  hyposulphite,  the  sohjtion  being  boOed  until  all  the  SO., 
been  driven  oflL  After  re-solution  and  re>precip5tatioD,  the  preci- 
pitate IS  ignited  and  weighed  as  AIPO^.  Titanium,  if  present,  is 
determined  by  dissolving  the  metal  in  caustic  potash,  filtering,  fusing 
the  residue  with  potassium  hydrogen  sulphate,  dissolving,  separating 
the  silica  by  hydrofluoric  acid,  if  necessary,  and  finally  precipitating  the 
titanium  from  the  acid  sulphate  solution  by  saturation  with  sulphurous 
acid,  and  then  igniting  the  precipitate  for  titanic  anhydride.  Chromium 
is  ttho  determined  by  dissolving  the  metal  in  a  caustic  potash  solution. 
The  washed  residue  contains  the  chromium.  The  residue  is  fused 
with  potassium  hydrogen  sulphate,  and  then  with  sodium  carbonate 
mnd  nitre,  the  chromate  solution  being  afterwards  reduced  and  the 
rcbromium  precipitated  as  hydroxide  by  ammonia,  any  aluminate  being 
Irst  decomposed  by  ammonium  cliloride. 


IL— ANALYSIS  OF  IRON  ORES  AND  SLAG. 
The  Analysis  of  Chrome  Iron  Ore.— E.  Waller  and  H.  T.  Vult6* 

Btioij  the  various  metliods  wliicli  Lave  been  suggested  for  the  de 
om position  and  sohitiou  of  this  mineral  These  they  discuss,  and 
tate  that  when  using  fusion,  a  good  method  consists  in  fusing  one 
Skmine  of  the  sample  with  six  times  its  weight  of  Dittmar's  flux  in  a 
platinum  dish,  dissolving  in  water,  filtering,  evaporating,  and  adding  a 
little  ammonium  nitrate  occasionally  until  the  last  addition  fails  to  give 
wy  o3our  of  ammonia  on  heating  the  solution.  Then  continue  the 
evaporation  to  dryness,  moisten  with  a  few  drops  of  nitric  acid,  and 
heat  to  dryness  again.  Take  up  with  water  containing  a  few  drups  of 
Ditric  acid,  add  hydrochloric  acid  and  sulphurous  acid,  or  a  little 
ammonium  sulphite,  boihng  ofl*  the  excess  of  SO..  Then  neutralise 
with  ammonia  and  boil,  adding  u  Httie  ammonium  sulphide*  Re- 
diasolye  in  hydrochloric  acid,  and  re-precipitate  as  before.  Ignite 
and  weigh  as  CrjO^, 

The  determination  uf  chromium  is  also  discussed  by  A«  Baumann^t 
especially  the  methods  involving  the  use  of  hydrogen  peroxide  as  an 
oxtdlfiing  agent,  dt*stroying  this  by  boiling  the  alkaline  solution,  and 
er  neutralising  by  sulphuric  acid,  determining  the  chronjl^^  acid  by 


•  SchtjU  of  Mines  QuarUffff  {New  York),  vol.  xiii 
t  Zeiitchri/t/Ur  AntfetoandU  Chemie,  18»2,  p.  113. 
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gas-volumetric  methods,  1  cubic  centimetre  of  oxygea  oorrespooiii^ 
t-o  2  "246  Tnilli^aminea  of  CrO.^  In  the  case  of  chrome  iron  oreiitbi 
author  first  opens  up  the  mineral  bj  fusion  with  sodii  and  nitre,  the 
presence  of  large  quantitiea  of  nitric  acid  interfering  with  the  aeoitifct 

determination  of  the  chromic  acid. 

The   Determmation   of  Manganese*— Messrs.  J,  and  H.  & 

Pattinsou*  conclude,  from  some  investigHtions  on  the  actions  of  oxidBi 
of  mauganege  when  heated  in  the  air,  that  volumetric  methods  are  fir 
preferable  to  gravimetric  methods  for  the  determination  of  manganoi, 
h>oth  as  regarda  accuracy  and  ease  of  execution. 

The  Separation  of  Ferric  Oxide  and  Alumina.— Messrs.  F. 

Beiktein  antl  K.  LuUu^r  t  sei)arate  these  two  oxidtss  by  a  raetliod 
)>ased  on  the  unequal  solubility  of  their  basic  nitrates  in  waten  By 
rtfpeated  evaporation  of  a  solution  of  aluminium  nitrate  about  half  tbe 
nitric  acid  originally  present  is  driven  off.  The  basic  nitrate  remain- 
iii;^  is  readily  soluble  in  water,  and  is  not  precipitated  iu  the  cold  by» 
solution  of  alkaline  sulphates.  Basic  ferric  nitrates,  on  the  other  haQti, 
similarly  formed  by  evaporation  of  the  nitrate,  are  only  partiall)' 
soluble  in  water  in  the  cold.  Still  they  dissolve,  but  the  soluttOD, 
though  depositing  nothing,  is  far  from  clear,  the  iron  being  present  ta 
the  colloid  form,  ammonia  only  gradually  causing  a  precipitate.  A 
few  drops  of  a  sulphate  solution  added  causes  a  precipitate  even  iu  ih 
cold,  basic  nitrates  being  precipitated,  no  sulphuric  acid  being  detectable 
in  the  precipitate?.  The  authors  employ  this  variation  in  the  behavioor 
of  the  aluminium  and  iron  nitrates  as  a  means  for  their  quantitatitre 
separation.  They  evaporate  to  dryness  the  nitric  acid  solution  of  tb 
mixed  oxideSi  and  heat  the  residue  on  a  sand  bath  until  all  nitric  acid 
fumes  have  ceased  to  be  evolved.  It  is  then  treated  with  boiling  water, 
a  few  drops  of  ammonium  sulphate  are  added,  and  the  whole  filtered, 
All  the  alumina  passes  into  the  filtered  solution  in  the  form  of  a  bwu 
nitrate,  whilst  the  iron  remains  as  an  insoluble  residue  on  the  filter. 

W.  H.  Krug  *  discusses  the  determination  of  alumina  and  ferric 
oxide  iu  the  presence  of  phosphoric  acid.  He  shows  that  the  alcohol 
method  is  inaccurate,  and  recommends  that  of  M*Elroy.  In  this,  after 
precipitating  the  phosphorus  from  1  gramme  of  the  substance,  dilutsd 

•  Jottf-nal  ojtht  SorUtp  of  CkemiraJ.  Industrtj,  vol-  %,  pp*  333- 33S. 

+  Bvlledn  dt  f  Academic  ImpiriaU  des  Sctenteg  de  St  Pettrtbourg,  ▼©!*  ziii.  p*  119. 

t  Stahl  ufid  Eisen^  vol  xii.  p,  470. 
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to  }  litre,  by  ammonium  molybdate,  the  solution  ia  filtered  through 
a  dry  filter-paper,  and  two  portions  of  200  cubic  centimetres  each  are 
taken  for  the  assay.  Some  solid  ammonium  nitrate  is  ailded  to  the 
solution,  dissolved,  tlie  solution  cooled,  aod  an  excess  of  ammonia 
added.  The  precipitated  hydrates  of  iron  and  aluminium  are  then  re- 
dissolved  with  nitric  acid  and  re-precipitated  by  ammonia  as  before. 
They  can  thus  be  obtained  free  from  molybdic  acid.  In  the  filtrate 
the  other  oxides  can  be  determined  pro^-ided  that  the  precipitation  is 
effected  in  the  cold,  as  otherwise  molybdic  acid  will  also  be  precipitated. 

The  Analysis  of  Basic  Bessemer  Slag*— 0.  Forster*  refers  to 

the  a^^eenient  th:it  was  arrived  at  by  the  assoclatioQ  of  experimental 
agricultural  laboratories  in  Grermany  as  to  the  method  of  analysiB  to 
be  used  in  the  determination  of  the  agricultural  value  of  basic  slag. 
It  was  agreed  to  decompose  the  slag  by  concentrated  sulphuric  acid,  as 
solution  in  nitric  acid,  or  nitro-hydrochloric  acid,  tends  to  oxidise  the 
phosphorus  of  the  iron  phosphide  into  phosphoric  acid,  and  the  solution 
in  hydrochloric  acid  is  not  adapted  to  the  application  of  the  citrate 
method,  hydrochloric  acid  taking  into  solution  much  larger  quantitios 
of  foreign  stibstancee  than  sulphuric  acid.  The  ammonium  magnesium 
precipitate  is  conseqiienily  mucli  more  impure.  These  impurities 
are  stated  to  average  as  much  as  0*33  per  cent,  of  the  magnesium  pyro- 
phosphate. Since  the  above  agreement  was  arrived  at  the  value  of  the 
citrate  method  has  become  more  than  doubted.  The  degree  of  solubility 
of  the  ammonium- magnesium  phosphate  in  ammonium  citrata  appears 
to  vary  greatly  with  the  composition  of  the  slag  under  analysis.  It 
has  become  customary,  therefore,  to  adopt  the  molybdate  method  in 
combination  with  decomposition  of  the  slag  by  sulphuric  acid.  Con- 
centrated sulphuric  acid,  however,  the  author  shows,  should  not  be 
employed,  the  diluted  acid,  or  hydrochloric  acid,  giving  much  better 
results  when  used  as  the  solvent.  In  view  of  the  fact  that  tetra- 
calcium  phosphate  is  completely  soluljle  in  dilute  citric  acid  solution, 
and  that  the  residues  of  slag  treated  by  this  solvent  often  show  the 
presence  of  appreciable  quantities  of  phosphoric  acid,  it  is  doubtful 
whether  strong  acids  should  be  employed  at  all  as  solvents,  as  it 
is  only  the  phosphorus  present  as  the  tetraphosphate,  which  is  of  any 
nianurial  value, 

A.  F,  Hollmann  t  recommends  a  mixed  Classen-Jones  method  for 
this  purpose.     In  the  CiasseD  method  some  manganese  is  precipitated 


*  Chemiktr  Zeiiun/jf  vdL  xvi.  p.  1596. 


t  Ibid,,  p-  1471 
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with  the  lime.     Thb  is  then  re-precipitated  by  the  Jones  method 

aa  sulphate  from  an  alcoholic  solution,  and  the  precipitate  ia  then  foee 
from  both  iron  and  manganese.  A  solution  of  1  gramme  of  the  basic 
alag,  of  small  bulk,  has  added  to  it  20  cubic  centimetres  of  a  neutral 
solution  of  potassium  oxalate,  containing  1  part  of  salt  to  3  of  wat«r, 
and  is  digested  on  a  water-bath  until  the  precipitate  is  of  a  clear  white 
colour^  and  free  from  any  lumps.  It  is  then  filtered  and  washed  until 
no  oxalic  acid  can  be  detected  in  the  filtrate*  The  precipitate  is  washed 
out,  and  iinally  the  filter- paper  washed  with  hot  dilute  hydrochloric 
acid*  The  precipitate  is  dissolved  in  about  15  cubic  centimetres  of 
hydrochloric  acid,  and  is  then  brought  to  about  the  bulk  of  25  cubic 
centimetres.  To  this  solution  10  cubic  centimetres  of  dilute  sulphurie 
acid  (1  of  acid  to  5  of  water)  is  added,  and  then  150  cubic  centimetrei 
of  alcohol  of  a  strength  of  95  per  cent.  In  about  three  hours  the 
precipitate  is  filtered  off  and  washed  with  alcohol  of  the  same  strength 
as  the  above  until  no  acid  reaction  is  to  be  detected  with  methylorange. 
It  is  then  heated  until  of  constant  weight  in  the  usual  manner.  This 
joint  method  gives  very  accurate  results. 

Dr.  A.  F.  Jolles*  discusses  tlie  solvents  to  be  employed  in  this  deter- 
mination. In  decomposing  with  sulphuric  acid  there  is  always  a  certain 
percentage  of  the  phosphorus  left  in  the  insoluble  residue,  the  quantity 
varying  witli  the  percentage  of  lime  present  in  the  slag.  A  similar  result 
is  observed  when  using  hydrochloric  acitl  as  a  solvent  The  ordinary 
Albert  method,  using  hydrochloric  acid  and  ammonium  citrate,  givti 
results  which  are  far  too  high,  silica  always  passing  into  the  magnesia 
precipitate.  Tlie  uuthor  proposes  tlie  following  modified  method: 
5  grammes  of  the  finely  powdered  slag  is  moistened  with  water^  erapo- 
rated  to  complete  dryness  with  40  cubic  centimetres  of  hydrochloric 
acid  of  20*  B.  The  residue  is  heated  to  120"  C,  cooled,  moistened  with 
liydrochloric  acid,  taken  up  with  water  and  filtered.  The  filtrate  is 
diluted  to  500  cubic  centimetres,  and  to  50  cubic  centimetres  of  thif 
is  added  IT*  cubic  cenunietres  of  a  solution  of  400  grammes  of  citric 
acid  in  a  litre  of  ammonia  of  0*9  specific  gravity.  The  phosphorus 
is  then  precipitated  in  the  usual  manner  by  magnesia  mixtnrr,  the 
precipitate  being  dried,  ignited,  and  weighed  in  the  ordinary  w»j'. 
By  this  method  the  results  obtained  agree  well  with  those  obtained  by 
the  molybdate  method,  care  having  been  taken  to  avoid  the  presence 
of  the  soluble  silica,  which  rendered  the  method  as  originally  proposed 
inaccurate. 

•  ZHUckriftfiir  Amtlytischt  Chmie,  vol  xxxi*  pp.  51G-519. 


M.  Spica,*  while  describing  the  more  usual  methods,  gives  also  the 
following,  in  which  he  attacks  basic  slag  with  sulphuric  acid,  evapo- 
rating the  solution  almost  to  dryness,  and  so  driving  off  nearly  all  the 
excess  of  sulphuric  acid.  By  extracting  with  absolute  alcohol  all  the 
sulphates,  ferric  oxide,  alumina,  silica,  &c.,  remain  undissolved.  The 
solution  is  filtered  through  a  dried  filter-paper,  washed  with  absolute 
alcohol,  evaporated  to  drive  off  the  alcohol,  neutraiised  with  caustic 
»oda,  and  reduced  to  a  deQnite  volume.  This  solution  contaitis  aU 
the  phosphoric  acid  that  was  in  the  slag.  In  it  the  author  determines 
the  phosphoric  acid  volttmetrically,  using  as  a  standard  solution  one 
of  potassium-iron  alum,  an  aqueous  solution  of  salycilic  acid  serving  as 
an  indicator.  This  assumes  an  amethyst  tint  with  an  excess  of  the 
standard  solution.  The  titration  with  uranium  acetate  the  author 
eoQsiders  to  be  both  difficult  and  uncertain* 

The  officially  recognised  rapid  method  for  the  determination  of  phoa- 
pborus  in  use  in  the  United  States  is  found  by  Messrs,  S*  W.  Johnson 
and  T*  B,  Osborne  f  to  give  results  which  are  too  high,  and  which  are 
also  irregular  in  the  presence  of  iron  and  aluminium.  The  process 
referred  to  consists  in  precipitating  the  molybdate  from  the  hot  solution, 
which  is  digested  for  one  hour  at  65"  C.  The  old  Sonnenschein  method 
b  toore  accurate,  as  all  the  phosphate  is  precipitated  with  ammonia  as 
the  only  base,  no  iron  or  alnminiuin  being  carried  down.  In  this  latter 
process  the  solutions  are  mixed  in  the  cold,  and  are  digested  for  six 
bours  at  or  below  50"*  C, 


nL—FU£L  ANALYSIS, 

The  Detenniaation  of  Sulphtir  in  Coal,— W,  Hempe!  I  presses 
the  coal  to  be  examined  into  a  small  cylinder  in  wliich  a  platinum  wire 
has  been  laid.  An  ordinary  glass  bottle  of  a  capacity  of  10  litres  is 
ttiied  as  the  combustion-chamber.  This  is  closed  with  a  three-bored 
indiarubber  stopper.  In  this  is  a  tube  provided  with  a  glass  cock  and 
expanded  outside  the  stopper  into  a  cylinder  of  about  50  cubic  centi- 
metres. Two  other  glass  tubes  also  pass  through  the  stopper,  and 
tiiese  have  at  their  lower  ends  two  platinum  wires  fused  into  them,  each 

•  GaxzeiUi  Ckimiea  lUdiana,  vol  xxii  pp.  117-12^. 

♦^  Annual  JUport  of  the  Conneetictit  AgrkHUutul  ^cperifnenial  Staiim^  1890,  pp. 
185-197, 
;  Zritmhrijl  far  Angewandie  Chemie^  1892,  p.  389.  with  illustratba. 
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0-6  millimetre  in  tlncknesA.  One  of  these  snpporte  a  small  platinum 
wire  cage.  Far  the  combustion  a  6-cell  Bunsen  battery  is  used.  The 
bottle  iij  filled  with  oxygeti,  and  the  coal  to  be  examined  placed  intb 
cylinder  above  referred  to,  which  in  torn  is  placed  in  the  wire  basket 
It  is  then  burnt,  and  after  the  combustion  100  cubic  centimetres  of 
water  i«  charged  into  the  fljisk,  together  with  5  cubic  ceoti metres  of 
hydrochloric  acid  and  a  little  bromine.  The  whole  is  then  allowed  to 
itand  for  an  hour  at  the  least.  The  inside  of  the  flask  is  then  carefuDy 
washed  down  with  the  acid  and  afterwards  with  water,  the  solution 
being  filtered  into  a  beaker.  It  is  then  heated  to  boiling,  and  the  sul- 
phuric acid  precipitated  with  barium  chloride  in  the  ordinary  wiy. 
The  results  obtainefl  by  this  method  are  higher  than  those  obtained 
by  that  of  Eschka. 

F.  Hundeshagen  *  observes  that  in  determining  sulphur  in  coal  by 
the  Eschka  method,  by  heating  with  magnesia  and  sodium  car- 
bonate,  a  considerable  loss  of  sulphur  can  be  frequently  observed  in 
the  form  of  ammonium  sulphide  or  of  sulphuretted  hydrogen,  which, 
escaping  from  the  crucible,  are  lost  to  the  determination.  By  replac- 
ing the  swiium  carbonate  either  altogether,  or  for  the  greater  part,  by 
potassium  carbonate,  this  loss  can  be  completely  avoided. 

Mr.  J.  0,  Handy  t  gives  his  experience  with  this  modified  method, 
Tiie  results  agree  with  those  obtained  by  Eschka's  method,  over  which 
there  appears  to  be  no  improvement. 

Van  Leeuwen  \  discusses  the  influenoe  of  the  sulphur  in  the  cosi 
gas  burnt,  on  the  results  of  the  determinations  of  sulplmr  by  corobufi' 
tion.  The  Bockmaun  fusion  mixture  consists  of  one  part  of  potassium 
chlorate  with  six  of  sodium  carbonate.  The  author  placed  some  of 
this  mixture  in  a  platinum  dish  provided  with  a  porcelain  cover,  owr 
which  another  porcelain  dish  was  placed.  When  this  was  heated  W 
fusion  by  gas  there  was  always  a  considerable  absorption  of  sulpbiti 
from  the  gas,  and  the  author  considers  that  a  gas  jet  is  not  suiuble 
for  such  determinations^  An  alcohol  air  jet  burner  is  prefewblf. 
The  author  states  that  the  gas  he  employed  did  not  colour  lead*acet»te 
paper,  and  he  concludes  that  the  snlphur  must  have  been  present  in  it 
in  the  form  of  carbon  disnlphide. 

•  Chemiker  Zriiun^^  val.  xvi.  p.  1070. 

f  Paper  read  before  the  Engineers*  Societj-  of  Wettf»rn  Penn^lvnuiii,  tbrougli  "•» 
Engmterinp  and  Mining  Jonraaf^  vol.  \iv.  p*  40^. 
J  Eeeueii  4is  trufanx  cMmiquen  </(w  Pafuf-ha*^  J  W*2,  p,  ?03» 
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I.— V  NIT  ED  KINGDOM. 


I  ProdllCtian  of  Pig  Iron  and  SteeL — According  to  the  returns 
of  the  British  Iron  Tr^ide  Associatioiij*  the  production  of  Bessemer 
steel  in;jots  in  the  United  Kingdom  during  the  first  half  of  1892 
amounted  to  6 49,8 16  tona,  the  production  of  acid  and  ba.sic  Bessemer 
eteel  ingots  being  respectively  544,399  am!  105,417  tons. 

The  production  of  Bessemer  steel  rails  during  the  same  period 
amounted  to  211»884  tons.  There  were  47^  acid  converters  and  17i 
basic  converters  tti  operation. 

The  production  of  open-hearth  steel  ingots  during  the  same  period 
aiuounted  to  722,341  tons,  of  which  661,237  tons  consisted  of  acid 

fgoifl   and    61^104    tons   of    basic   ingots.      There   were   21 2A    acid 
nui^ces  and  26  basic  furnaces  in  operation. 
The  production  of  pig  iron  during  the  same  period  amounted  to 
^,790,918  tons. 

\    The  Cost  of  Production  of  Tin-Plate.— Mr.  J.  G.  Carlisle! 
Imblishea  the  followitig  statement  of  the  cost  of  manufacturing  tin- 
»kte  in  the  United  Kingdom  : — 


•  Buliain,  No,  17. 


f  Iron  Apt,  vol.  L  p.  292. 
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Avwago  Prl«ca. 


IflflT. 


Ooal,  per  ton         ...... 

No,  3  JURinatite  pig  iron,  p«r  ton  .... 

BeiAomer  bars*  leu  2J||  per  ceitt. ,  per  tou 

Acids,  net,  per  ton -l 

P&lin  oil^  net,  p«r  ton   .         . 

Till  (StraiU),  per  ton     . 

Ltiiul,  Englitth  common^  per  ton 

Boxes.  CAoh  ..»....,. 

Wt^M  from  bftr  to  <)iiuhe*1  plnte .        .        ,         , 

Eatimated  &ctiiid  cost,  cuke  fiui»h   tin  i^ia, ) 

•tiuidard  14  by  20 IC.         ,        .  .         (| 

Avemge  »eUitig  price,  do. 
BhipnteatM  to  United  Stjit^s,  reduced  to  boxoi,  \  i 

14  hy  20  IC,  1*2  raonthi  ending  June  30    *         f 


0  12    24 
0  13    0 
5,244,259 


Bmxnd  QtxKfttt 


i,  i,    d, 

0  811 

S    9    1^ 
5    9    0 

1  19    0 
and 

3    2    0 

24  10  0 
91    4  10 

12  13    3 

0  0 

0  2 

0  13  I 
0  15  0 
9.259.490 


!i 


Details  for  the  years  1888,  1889,  and  1890  are  also  given. 


X],— AUSTRALASIA. 

Mineral  Statistics  of  New  South  Wales.— The  following  ubie* 
shows  the  mineral  production  of  New  South  Wale^  in  1S91  ae  com- 
pared with  1890:— 


Coal 4,037.930 

Shale 40,349 

Iron  ore 

MAnganeie  ore 

l*ig  iron 

Li  m  eft  tone  flux 

Fireclny 


Tons, 

3,000,876 

56.010 

3,413 

100 

455 

41.43*1 


Mineral  Statistics  of  Victoria, --In  the  report  t  on  the  m\m$ 
iinhistry  of  Victoria,  tlie  output  of  coal  for  1891  is  given  as  22,B3i 
ton?,  and  of  lignite  6322  tons.  Only  one  accident,  and  that  noii-fiit»l 
occurred  in  tlie  coal-mines.  The  number  of  men  employed  has  in- 
creased  by  forty-nine  and  the  output  by  8000  tons. 

Output  of  Coal  in  Queensland. — ^The  production  of  co«l  »« 

•  Annual  Befyort  of  ike  DtpavtrntfU  i^MiMft  Ifew  South  Waf€t,forth4  IVsrtftt. 
Sydney,  1892. 
t  Annual  Report  of  the  Ssenrfoty /br  Jlfinr*,  Melbourne,  1892. 
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in  1891  wa5  271,603  tons,  valued  at  £128,198.  Tbe 
decrease  was  mainly  due  to  the  decrefwed  output  of  the  Ipswich  and 
Wide  Bay  district?.* 


New  Zealand,  Imports  and  Exports.— In  the  year  1891  the 
imports  and  exports  into  and  from  New  Zealand  included  t ; — 


Hardware 

Wiw 

Raili 

rig:  iiron    . 

Bar,  bolt,  and  r&d  irou 

PipM 

Steal 

Iron  CNTi   . 

Mai^ganflw  ore 


Importi. 


Ton*. 
125,318 

6,951 

4,213 

4.667 
2,131 
1,1S6 


Value,  £ 
120,422 
130, 13« 
73,276 
S-I^HIO 
15,531 
41,195 
24,»27 
ln,012 


EjcporU. 


TODB. 

99,464 

I 

42 


100,658 

4,343 

137 

56 

54 

384 

21 

112 

3,634 


III._^  USTRIA^HUNGAR  F. 

Iron  Trade  Statistics  of  Austria. -^Kecent  official  statistics  { 
show  that  the  qiLintity  of  iron  ore  raised  in  Austria  in  1891  was 
1^231,248  metric  tons,  a  diminution  of  9*57  per  cent,  as  compared 
with  the  output  in  1890.  A  diminution  of  over  34  per  cenL  was  also 
shown  in  the  caae  of  manganese  ore^  only  5279  tons  being  produced. 
The  quantity  of  asphalt  raised  showed  practically  no  change^  the 
output  being  le  all  180  tons.  On  the  other  hand,  there  was  an  in- 
crease of  2*1)3  per  cent,  in  the  output  of  coaJ,  and  5 "57  in  that  of 
lignite,  the  total  quantities  raised  being  reepectively  9,192,885  and 
16,183,076  tuna.  No  statistics  are  given  of  the  output  of  the  ores  of 
chromium  or  nickel 

The  forge  pig  iron  made  during  the  year  amounted  to  517,988  tons, 
a  diminution  of  9'87  per  cent,,  and  of  foundry  pig  iron  to  99,157  tons, 
an  increase  of  8^3  per  cent,  on  the  year.  The  production  of  iron  ore 
and  the  outturn  of  pig  iron  was  as  follows  m  the  various  prorinces : — 


I 


k 


*  Irm*^  vol.  xl.  p.  468. 

t  Oftioial  Stfttbtics  of  the  Cijlouy  of  New  Zealund  for  the  year  18U1,  WeUiugtoii,  1893. 
t  Staiiititcku  Jahrhuck  des  K.  K.  AckerfHtumininttriunm,  1892,  Part  I.  ;    OciUf- 
reichiscfu  Zeiitchrift  fUr  Berft-  und  Hm$cnm*cn,  voL  xl.  pp»  395-397,  411. 
1892.— ii.  2  L 
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Bohemiii 

Lower  AuatiUi  .        , 

Sftlzbor^ 

Mormri»    . 

Siletift 

Sfcym 

Ciu-inthln 

Tyrol 

Cumioln 

GidioU      . 

Totiili 

f»nrt«          Forgo  Pig          Foundry      |     Total  PH         1 
lr..nOr«,              ,J^-»          Pig  Iron.       rnmOtfllflm       1 

Totiif,                   Tatia. 

513,320          100,701 

1,489            51.003 

7,»>tl              1.089 

2\,im          ia4,062 

\;is            37.:t22 

;i:i,-o(  131.1125 
-  ,:2J  45,8<J2 
-,'._■:>  1,575 
:,4:.i  6,250 
8,817 

Ton*               P«r  t9nx. 

17,573       ,        »•€« 

8.348                9^ 

83a       1         0-31 

58,563  31^ 
6,182  6«* 
2.353  2171 
1,507  TCI 
1,396                048 

3,338               054 

i.sai,S49  1    m,mA    1    99456        loo-oo      1 

Details  are  given  showing  the  increase  or  decrease  in  the  several 
proYinces  as  compared  with  the  statistics  for  the  previoas  year.    Tbe 
average  price  obtained  for  the  ton  of  iron  ore  was  Ss.  lOd.,  for  the  ton 
of  forge  pig  iron  66a.  3d.,  aud  72s.  for  the  ton  of  foundry  pig  iron. 

The  workpeople  employed  at  the  iron  ore  mines  numbered  5506, 
and  at  the  ironworks  10,493,  diminutions  of  245  and  348  respectivelj 
compared  with  the  numbers  employed  during  1890.      Lignite-miniiig 
gave  employment  to  42,924  workpeople,  an  increase  of  3416  on  the 
year,  and  coal-mining  to  51,241  workpeople,  an  increase  of  2493.    The 
total  quantity  of  coke  made  was  651,311  tons,  from  1,069,821  tons  of 
coal.      As  by-proiiucts,   the  Witkowitz  works  obtained   344  tons  of 
ammonia,  260  tons  of  ammonium  sulphate,  and  1847  tons  of  tur.    Tk    ^ 
production  ot  briquettes  from  lignite  amounted  to  56,587  Ions,  antl  from 
coal  to  21,319  tons.    In  making  coal  briquettes  21,061  tuns  of  coal  were 
mixed  with  25B  tons  of  tar.    The  total  value  of  all  the  minerals  rawed 
and  metallurgical  products  made  in  Austria,  after  subtracting  the  viliie 
of  the  ores  smelted,  amounted  in  1891  to  £7,752,420,  an  increase  of  2'55 
per  cent,  on  the  year.     The  total  number  of  workpeople  employed  ftt 
the  works  and  mines  numbered  126,771,  an  increase  of  6093  as  oomp»red 
with  1890.    Of  these  1 14,103  were  employed  in  the  mines  and  ooUierie*. 

Imports  and  Exports.— -M.  Caspaar  ♦  sutes  that  the  iron  tride 
imports  and  exports  of  Austria-Hungary  in  the  year  1891  were  « 
follows  :— 
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DMorlpltoa. 

lH>P0ft«. 

Sxportib 

Toim. 

Trjn*, 

Lignite                                            *         .        .         .        . 

15,1T4 

fVlM>0,255 

Colli 

3,670JiMi 

714,436 

Coke ,        .        . 

218.193 

7H,453 

Iron  ore        ...                                     .                   . 

08,121 

m,im 

Foi-gc  pig  hull       .         . 

4,sm 

7,3«& 

Foundry  pig  irmi 

35,854 

999 

1  B*r  iron  wid  uteri 

7,»38 

0,0«^ 

i  Sheet! 

a,772 

2,093 

1  Coatinga.  cotuiumi        ...                 . 

2,581 

4,117 

ToUl  iron  *nd  iiun  tniiinifuLtuirs        ... 

89,174 

45,44H 

Firebrioks  and  other  «iatJifcr  material 

3,275 

4,7511             ; 

I 

I 

I 


Of  the  total  importB  57  per  cent,  were  from  the  Geriaan  Customs 
UnioD,  and  35  per  cent,  from  the  United  Kingdom, 

Accidents  in  Austrian  Mines. — hi  l^yi  there  were  in  uU  635 
workpeoi>lt!  severely  injure^],  the  accidents  proving  fatal  in  253  Oises. 
The  deaths  amounted  to  2  31  per  thousand,  and  the  severe  accidents 
to  3 '51  per  thousand,  of  the  total  number  of  workpeople  employed. 
In  the  collieries  the  fatal  accidents  numbered  1 30,  an  increase  of  65 
over  1890,  and  the  severe  ones  lOii,  a  similar  increase  of  6*  In  the 
lignite-mines  99  were  killed  and  230  injured,  and  in  iron-ore  mines 
7  killed  and  24  injured.     The  mineral  raised  was  as  follows : — 


'     Fur  wuih  FnUl  AccJileut. 
Miiifliml.                         1 

For  i»*ib  Afcldimi  whetlMr 

FutAl  or  otlierwlwi,          i 

1090. 

1891                 1890. 

1891. 

Toiini. 
39,B25 

49,189      , 

30,713 

1       Tom. 
Ooftl 197*401 

UffA^     .                                       141,936 

Iron  ore    .         .                          ,         236,925 

70,714 
163,465 
175.893 

TOUM. 

55,473 
53,78fi 
52,367 

It  will  thus  be  seen  that  there  was  a  considerable  increase  in  the 
number  of  accidents  in  1891  as  compared  with  the  number  which 
occurred  in  1890.  The  accidents  were  mainly  due  to  the  following 
causes : — 


Fiilk  of  roof,  &c, 
AocidentB  iu  hoiitin^ 
Firedamp  explosion  ■ 
FalU 


ppr  Cent 
of  ToUL 

.    20*0 

.    20*6 

.     10-4 
.       80 
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The  other  causes  of  accidents  in  conoection  with  which  fitalistiet  ire 
given  include  engines,  machinery  and  tools,  noxious  gases,  timhering, 
and  blasting,  whilst  21*4  per  cent,  of  the  accidents  were  due  to  CAUsea 
not  included  under  the  heads  mentioned.  The  most  severe  acci- 
dent experienced  daring  the  year  was  an  explosion  of  fire-damp  od 
January  3,  when  sixty-one  workmen  lost  their  liveF.* 

The  Output  of  Petroleum  in  Austria.— Of   the   308  under 

takings  fur  raising  petroleum  in  Austria  in  1891,  199  were  in  open- 
tion,  a  diminution  of  22  on  the  year.  The  workpeople  emplojred 
numbered  3275,  the  production  of  petroleum  amounting  to  87,717 
tons,  a  diminution  of  4  29  per  cent  compared  with  the  output  of 
1890.  Some  new  and  very  productive  wells  were  sunk  at  Potok- 
Taraszowka,  near  Krosno,  during  the  year;  indeed,  no  such  good 
results  had  previously  been  obtained  in  Galicia.  Of  ozokerite  under- 
takings 79  were  active, employing  6283  workpeople;  these  raised  6159 
tons  of  the  mineral,  a  diminution  in  the  output  as  compared  with  tbit 
of  1890  of  1048  per  cent.t 


The  Iron  Industry  of  the  Tyrol— In  the  Stubai  valley,  neir 
Innsbruck,  an  iron  industry  has  been  carried  on  for  centuries.  It  ii 
confined  to  the  manufacture  of  knives,  tools^  mountaineering  appliancflfij 
auil  other  small  articles.  Tlie  Stubai  iron  industry  was  active  in  the 
fourteenth  century,  but  it  attained  its  greatest  development  in  tb 
eighteenth  century.  At  the  present  time  it  is  unable  to  stand  agasost 
the  competition  of  modern  steelworks.  Eaw  material,  too,  is  obtaioed 
with  difficulty,  as  the  iron-mines  formerly  existing  in  the  valley  h%H 
been  worked  out  years  ago,  and  a  supply  of  charcoal  is  unavailable,  u 
the  forest  has  to  be  preserved  as  a  guard  against  avalanches.  Accord* 
ing  to  the  returns  of  the  Chamber  of  Commerce  of  the  North  Tyrtri 
there  are  at  the  present  time  two  ironworks  with  nine  water-wlj*eli 
and  two  turbines  producing  140  horse-power,  and  numerous  work- 
men carrying  on  their  business  in  their  own  cottages,  and  owning 
twenty -three  tilt-hammers  with  fifty-one  water-wheels  producing 
300  horse-power.  The  production  in  1890  amounted  to  1295  c»t 
of  iron  ware,  1080  cwt,  of  steel  ware,  and  940  cwt,  of  fine  meUl- 
work.  I 

•  Otsterrtkhmke  ZeiUdiri/i  fUr  Berg-  uttd  HiitUnweten,  vol.  xl  p.  52SI 

t  /6irf,,p.  532. 

X  Berg-  und  HiiU^nmdiinUck^  Seitun^^  voL  li,  pp.  391-29H. 


Mining  in  Transylvania. — P.  Weisz  *  gives  an  exhaustive  de- 
scription  of  ihe  mimii^^  and  metallurgical  industries  of  Transylvania. 
The  account  of  the  various  mines  is  accompanied  by  details  of  the 
geological  structure  of  the  district.  The  coal-beds  described  hy  the 
author  are  the  following  :  (1)  The  Zsily  lignite  bed  ;  (2)  the  Tiircsvdr- 
Fekebehalm  coal  seam  ;  (3)  the  lignite  deposits  in  the  vicinity  of  Baruth  ; 
(4)  the  lignite  beds  in  the  Eiieres  district;  (5)  the  lignite  beds  in  the 
vicinity  of  Borsz^k  ;  (6)  the  lignite  beds  in  the  Szurduk  region  ;  and 
(7)  the  lignite  deposits  in  the  Yalehi  «td-Meszteakon  districts.  The  iron 
mfnea  and  works  described  by  the  autlior  are  the  following:  (1)  The 
Vajda-Hanyad-GorasdiaeT  Government  Ironworks  ;  (2)  the  Kudsir  iron 
and  steel  refinery ;  (3)  the  Telek  iron-mines  and  the  Puszta-Kalin  iron- 
works; (4)  the  Rojahiila  irofi-mines;  (5)  the  Szeetkerestbanya  iron* 
works;  and  (6)  the  Fiile  and  Magyar- He niidiiy  iron  mines  and  works. 

Wages  in  the  Bohemian  Collieries.— According  to  official  re- 
ports,! the  mean  daily  wages  paid  to  miners  in  the  Bohemian  brown- 
coal  mines  are  as  follows  : — 


IUdIrk  Uiatriut 

CuU-grtletii. 

M.      d. 

2    3A 

2  1 

3  0 
2    2 

2    ft 

Stirfiice 
WorkoMFti. 

Womeu. 

Teplit '. 
1  Brux 

KoillJJJUtAU 

- 

a   2 

2    3 
2    & 
2    6: 

«.     d. 
1  lOj 
1  11 

1  n 
1  « 
1  Ik 

1    2i 
1    2 

1     0\ 

1     1' 
1     0 

The  overmen  receive  on  an  average  Ss.  4d.  per  day  in  the  Teplitz  and 
Bnix  districts,  2s.  Sid,  in  the  Falkeiiau  district,  2s.  8d.  in  the  Ellbogen 
<listrictj  and  2s.  9d.  in  the  Koiumatau  district. 

The  Bohemian  brown-coal  miners  are  paid  higher  wages  than  any 
other  miners  in  Austria,  the  mean  daily  wages  paid  in  the  Bohemian 
bituminous  mines  being  as  follows  : — 


Mining  District. 

ConJ-gettcr*. 

Puitntt. 

Siirf«oo 
Workm«a« 

*,    d. 

I    2 

1   :{ 

Womt'ii, 

»r  :    :    :    :    : 

Mm*         ....       * 

2    5 

2    8 
2    5 
2    9 

I  10 

1   H 

I    8 

#.      d. 

0  H 

1  0 

*  MUthdlunpen  aus  dem  JahH/uch  dtT  K^tiiplichen  OeolopUrhtn  Anttaft,  vol.  ix.  pp, 
106-184. 
t  Berp*  vnci  HUtUnmdnnitchc  ^eUunff,  vol*  li.  p,  263* 


534 


THE  IRON  AND  STEEL  INDUSTRIES. 


.  The  average  annnal  wages  of  the  Bohemian  brown-coal  miners  in 
1891  amounted  to  £i2,  2s.  3d. 


iy,—B£LGIUM. 

Pig  Iron. — The  production  of  pig  iron  in  Belgium  ♦  during  the  first 
half  of  1892,  as  compared  with  that  for  the  corresponding  period  of 
the  previous  year,  was  as  follows  : — 


First  Hidf. 


Description. 


1892. 


Ton*. 

;  Forge  pig  iron 296,600 

Foundry  pig  iron 28,640 

i  Beuemer  pig  iroi. 99,790 

T.»tal« 365,aS0 


Tons. 
195,810 


75.066 


294,161 


Imports  and  Exports. — The  imports  and  exports  of  Belgiamt 
during  the  first  six  months  of  1892,  compared  with  the  corresponding 
period  of  1891,  were  as  follows  : — 


I>e«ori|»tiun. 


I 


Crude  cawt  steel 

Steel  rails 

Other  steel 

Finished  steel  . 

Pig  iron    . 

Scrap  iron 

Iron  wire  . 

Iron  rails  . 

Iron  plates 

Iron,  miscellaneouA 

Nails 

Wrought  iron  . 

Castings   . 

Rolling  stock    . 

Machinery 


Totals 


In 

ix)rt«. 

Exports. 

First  Half, 

1    First  Half, 

Hrst  Half, 

Pint  HiOt 

1S«»2. 

1891. 

1S02. 

1^1. 

Toim. 

Tons. 

Tons. 

Toai. 

2,9«7 

4,207 

808 

761 

48r) 

749 

a3,041 

24.009 

3,723 

1.717 

6,170 

3.787 

789 

716 

4,610 

2.989 

r.8,779 

82,194 

8,163 

7,072 

11,8:^7 

10,884 

5,069 

4,449 

2,462 

2,481 

939 

1,099 

29 

49 

8,758 

8,256 

531 

832 

25,591 

21,144 

5.246 

5,292 

84,504 

96,622 

334 

i           343 

3,081 

3,948 

2,125 

!        2,013 

11.737 

13,008 

349 

892 

11,413 

14,092 

881 

1,264 

22,403 

13,570 

7,153 

7,986 

17,557 

15,«M 

107,711 

1     121,619 

■ 
243,834 

230,560 

*  Iron,  vol.  xl.  i>.  60. 


t  Ibid.,  p.  106. 


STATISTICS. 


535 


DMoHption. 

ImpOTtB, 

Eitportii. 

Pint  H4lf , 
1891 

FlretHiOf, 
1891 

FintHaU, 

law. 

fcon  ore 

C^\ 

Coke 

TOBI. 

850,062 

710,691 
^J4,783 

Tons. 
744.297 

796,739 

G0,T75 

Toua. 
124,330 

1,083,724 

473,660 

Ton*. 
83,331 

2,074,940 
4S2,818 

Y.— CANADA, 


Mineral  Statistics  of  Ontario* «- According  to  the  first  report 
of  the  Bureau  of  Mines,  iron-miniiig  in  Ontario  was  of  a  prospective 
character  only,  the  total  quantity  of  iron  ore  raised  being  about  200 
tons.  Explorations  made  with  the  diamond-drill  in  the  township  of 
Belmont,  and  on  the  Mattawan  and  Atik-Okan  rivers,  are  claimed  to 
have  demonstrated  the  existence  of  large  bodies  of  excellent  ore  in 
those  localities. 

The  total  output  of  crude  petroleum  in  Ontario  in  1891  amounted  to 
894,G47  barrels,  valued  at  1,209,5*58  dollars. 

The  product  of  eight  nickel- mines  was  85,790  tons,  returned  at  the 
low  valuation  of  324,240  dollars.  The  total  amount  paid  for  labour 
was  322,201  dollars.  These  returns  of  course  do  not  include  labour 
for  roasting  and  smelting  the  ore,  nor  its  value  when  converted  into 
matte.  Of  the  latter  product  in  1891  the  United  States  Goveramt^nt 
purchased  for  armour-plate  purposes  4536  tons,  containing  about  900 
tonn  of  nickel 


IrOB-Makillg  in  NO¥a  Scotia-— The  advancement  of  the  iron 
industry  in  Nova  Scotia  during  1892  has  afforded  a  striking  contrast 
to  the  general  dulness  in  mining  matters.  The  successful  blowlngdn 
of  the  New  Glasgow  Company's  furnace  at  Ferrona  in  Pictou  County 
is  announced.  The  operations  of  the  company  have  disclosed  large 
veins  of  brown  haematite,  from  which  400  tons  of  ore  can  be  raised 
daily.     Their  fluxes  are  quarried  in  the  immediate  vicinity  of  the 


iron  ore. 
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The  Pictou  Charcoal  Iron  Companj  has  acquired  several  depogiU  of 
excellent  brown  haematite  ore  on  the  line  of  the  new  railwaj,  and  is 
entering  upon  the  manufacture  of  charcoal  iron.  At  Torbrook  in 
Annapolia  Valley  the  iron  ore  mined  is  of  excellent  quality,  and  bai 
been  smelted  at  the  Londonderry  fumacee.  It  is  also  contempUled 
reopening  the  Clementsport  mines.  These  facts  warrant  the  hope 
that  the  iron  industry  of  Nova  Scotia  is  begianing  to  grow  steadily 
if  slowly.* 


Nt— CHILL 

Manganese  Ore* — There  are  two  manganese  ore  districts  in  Chili, 
those  of  Coquimbo  and  Carrizal,  the  latter  being  also  known  by  the 
name  of  Huasco.  The  Coquimbo  ore-field  is  close  to  the  port  of  that 
name.  The  mining  district  proper  is  known  as  Chanar  Quemada,  aii<i 
U  in  the  province  of  Atacama.  Ore  was  first  mined  iu  this  district 
ill  IS86,  the  Coquiuibo  district  being  some  years  the  older  of  the  twa 
These  districts  have  produced  : — 


Tewa 

IJoQuioibo. 

Cknlail 

1885  . 

1886  . 
18H7 
1RS8  . 

1890 
1891  . 

Tftni. 
4,041 
23J01 
38/234 
12,132 

28.409 
16402 

'         Tool. 

227 

9.287 

6,581 

19,^S8 

34,577 

18.000 

The  total  production  of  manganese  ore  in  Chili  in  1891  was  thus  about 
34,500  tons^t 


XU.— FRANCE. 

Iron  and  SteeL^ — The  production  of  iron  and  steel  during  the  fiwt 
halves  of  1892  and  of  1891  was  as  follows  : — J 


*  CawadiAni  Minino  BevieWf  vol.  xi.  p.  ISl. 
f  Amerkan  Man%f(Kturer,  vol.  li.  p.  59. 
t  La  Mitallurffie,  1892,  vp.  1451-1452. 


Coal. — The  tot&l  output  of  coal  m  France  in  1391  amouoted  to 
26,327,000  tone,  about  2,000,000  toos  in  excess  of  tbe  output  of  the 
previous  year.  From  the  coalfields  of  the  Pas-de-Calaia  the  output 
reached  9,076,579  tons,  31,000  workpeople  were  employed,  and  the 
accidents  numbered  114,  involving  fatal  injuries  to  35,  and  lesser  ones 
to  121  workpeople.  The  deaths  amounted  to  one  per  25«5,000  tons 
of  coal  raised.  The  other  departments  raised  as  follows :  Nord, 
6,201,000  tons;  Loire,  3,532,000  tons;  Gard,  2,030,000  tons;  Sa6ne 
et  Loire,  1,714,000  tons  ;  and  Allier.  1,002,000  tons.* 

Imports  and  ExportS.-^The  following  table  shows  the  French 
imports  and  exports  during  the  first  six  months  of  1892  as  compared 
with  the  corresponding  period  of  1891  t  : — 


1                    DcMsrijjIion^ 

ImportM. 

Exports. 

1898. 

TOBH. 

f>4!l,50O 

77n.700 

41,M25 

r>,724 

».675 

Pint  Half. 

18»1. 

Flr»t  flalf. 
ISW. 

Firat  Half, 

CJoke 

iron  cm   .        -        .        .         . 
Crude  ifoo  of  ftll  c1m»»* 
ll»niif»ctiirefl  iron  . 

at«ci 

Total  iroD  and  tteel  . 

Tonit. 

r>20,552 

620,10:* 

28.4»8 

6J02 

2^181 

18,247 
145,589 

n'2,mi 

13,317 
4,166 

70.124 

25,149 
127,676 
37.198 
15;7Q2 
12.818 

52,224 

37.381 

66,71S 

•  Mining  Journal,  voL  Ixii.  p.  1224. 


t  ir&n,  ¥ol,  xL  p.  1061. 
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The  temporary  imports  and  exports  during  the  same  period  were  u 
follows  :— 


VcKtiptioa. 

Importjf. 

KxpoitiL 

HnfcHftIf, 

Vint  Half. 

Vvnt  HaM.         Tint  HjJf, 
1  evS.                   l%tJU       1 

FoT^v  P^  frtiii  >        ■        •        ^ 
Poundrj  pig  iron 
Maniifaotured  iron 
Steel 

Totals      .        .        . 

TSDII. 

14.845 
14,408 

877 

1.242 
69,612 

Toniu                Ttma. 

13.420 
9,754 

928               L,4iil 

41,988 

36.47S            50,066 

Vllh—GEEMANY. 

Blineral  Statistics. — According  to  the  official  statistics^  fortbi 
German  Empire  for  1891  the  production  of  iron  ore  amounted  t^ 
10,657,020  tons  from  681  mines,  employing  altogether  35,390  wort 
men. 

The  production  of  pig  iron  was  4,641,217  tons  from  109  ironworks, 
employing  altogether  *24,773  workmen.  There  were  218  fumac«8  in 
blast. 

Finished  iron  was  made  at  250  works,  69,111  tons  of  blooms  beiDg 
produced,  and  49,596  workmen  employed.  The  total  make  of  partiallj 
and  ftilly  maniiCactured  iron  anmunted  to  1,484,064  tons. 

Steel  was  made  at  117  works,  57,929  workmen  being  emplorei 
The  total  production  of  partially  manufactured  steel  was  721,480  tortf, 
and  the  total  production  of  manufactured  steel  was  1,841,063  tons. 

Production  of  Pig  Iron,— During  the  first  six  months  of  1J^9- 
the  production  of  pig  iron  in  Germany  was  as  follows  f  : — 


Forge  pig  iron  nod  spLegeleisen 
Foundry  pig  ifou  , 
Acid  Bcucmer  pig  iron 
BAiio  Besflcmer  pig  iron 


171,323 


2,390.127 

During  the  first  half  of  the  previous  year  this  total  was  2,123,466* 

*  Brithh  Iron  Trade  Aiaociailont  BtUletin^  No.  20. 

t  CoitipUed  froiu  the  monthly  report!  uppeMiag  in  St^ihl  und  SiiCfk 


Iron-Ore  Miniiig  in  the  Siegen  District,— The  iron  ore  mined 
in  this  district  in  the  year  18^1  amoimtt!il  to  1,473,185  tons  of  the 
value  of  X574,542  as  compared  with  1,523,573  tons  valued  at  £860,818 
in  the  previous  year.  The  average  price  at  which  the  ton  of  spathic 
ore  sold  was  Is,  8W.  at  the  mine,  a  reduction  of  3s.  6d.  when  com- 
pared with  the  price  obtained  in  l^?00.  The  workpeople  employed 
in  1891  in  iron-ore  mining  numbered  12^40  as  compared  with  12,466 
in  1890,  the  output  of  ore  per  workman  employed  being  respectively 
121*35  and  122  28  tons  in  the  years  mentioned*  Of  the  thirty-four 
existing  coke  blast  furnaces  twenty-nine  were  in  blast  in  1891,  twenty- 
one  of  which  were  continually  in  blast  throughout  the  year,  and  these 
twenty-nine  furnaces  produced  501,711  tons  of  pig  iron,  an  increase 
of  5*37  per  cent,  on  the  output  of  the  year  1890,  The  workpeople 
employed  at  the  blast  furnaces  in  1891  jiumbered  2163,  The  use  of 
ingot  metal  for  plates  is  seriously  affecting  the  Siegen  iron  trade.* 

The  Dortmund  Mining  District, — In  a  report  on  the  Dortmund 
mining  district  and  on  that  of  the  Lower  Rhine  and  Westphalia, 
M.  deuBB  t  gives  the  following  details  relating  to  the  output  of  coal, 
and  to  the  value  of  such  output  in  these  districts : — 


Taar. 

Output. 

r 
i''iiiitA            Number  of 

Workpeople  1 
Km  ployed. 

I'm 

1800 
1  1S20 

1850 
1860 
1870 
1380 
1890 

'       '        *        '        ' 

176,676 

230,558 

425,360 

»9<V362 

1,665,662 

4,365,834 

11,812,528 

22,4a5,204 

37,402,494 

SilSS            154 

619,607             158 

113,957             177 

319.817             221 

51R/254             1118 

1,402,751             281 

a;*Jl,302             220 

:nl47.693             202 

15,tl38.997             176 

1,367 

1,646 

3,117 

8,945 

12J41 

2St,320 

51,3yi 

80,152 

138,739 

Within  a  single  century,  therefore,  the  production  of  coal  has  become 
200  times  as  great  as  it  was,  while  the  value  of  the  output  is  now  457 
times  what  it  was  a  century  ago. 


Mineral  Statistics  of  Upper  Silesia.— Dr.  H.  Volts  |  publishes 

the  iron- trade  statistics  relating  to  Upper  Silesia  for  the  year  189 L 
Aa  in  1890,  so  in  1891,  there  were  56  active  collieries.     The  work- 

•  mM  und  Ei»tn,  vol  xii.  p,  718.  t  ^i^»  P-  673. 

t  Oe&Urrekki9ckt  ZtiUchriJt  far  Ber^  und  SUUenweiev,  vol.  xl  pp.  262-265«  ind 
271-274. 
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people  these  employed  numbered  54,746,  an  increase  of  over  10  per 
cent  on  the  year.  The  average  anuual  wages  per  workman  amount^ 
to  £41,  Is.  Withm  the  past  five  years  the  wages  have  increased  hf 
as  miLch  as  28*7  per  cent.  The  output  of  coal  reached  17»730,3€2 
tons,  an  increase  of  514  per  cent. 

The  statistics  collected  in  1891  relating  to  iron-ore  mines  ahov 
these  to  number  56,  as  compared  with  62  in  1890.  They  employed 
3977  workpeople,  each  workman  employed  earning  £27>  4«»  durbg 
the  year.  The  iron  ore  raised  amounted  to  654,537  tons,  as  compsmi 
with  769,742  tons  in  1890.  The  aren^  quantity  of  ore  raised  per 
workman  employed  was  164-5  tons,  as  compared  with  176*8  in  1890. 

The  active  ironworks  nymbered  11  both  in  1891  and  in  1890.     Tb 
coke  furnaces  in  blast  in  1891  were  30,  an  increase  of  1  on  the  year, 
and  these  gave  employment  to  4147  workpeople.     The  average  annutl 
wages  of  a  workman  was  £38,  3s.     The  mat<»rials  smelted  included 
917,064  tons  of  iron  ore,  454,305  tons  of  limestone,  and  775,459  tons 
of  coal  a!id  coke.     The  pig  iron  produced  amounted  to  478,605  tons, 
as  compared  with  507,293  tons  in  1890.     The  fuel  used  per  ton  of  pig 
iron  made  was   1*620  tun*     The  forge  pig  iron   made  amounted  to 
61-21  of  the  total  quantity,  Imt  it  was  14*3  per  ct^nt.  less  than  the 
quantity  made  in   1890,      Foundry  pig   iron  showed,   on   the  other 
hand,  an  increase  of  8'6  per  cent,  on  the  total  quantity  made  dartag 
1890,  while  acid  Bessemer  pig  iron  was  52*8  per  cent  less,  and  bine 
pig  iron  1 8  per  cent,  more  than  the  corresponding  metal  made  in  tlie 
year  referred  to*     Of  charcoal  blast  furnaces  two  are  mentioned,  but 
only  one  was  in  blast,  the  production  during  a  period  of  5U  weeks 
being  but  1201  tons,  the  outturn  in  1890  having  been  slightly  les9r- 
1018  tons.     For  each  ton  of  charcoal  pig  iron  made  there  waa  charged 
3*47  tons  of  ore,  0"3  ton  of  limestone,  and  1-5  ton  of  charcoal    Th« 
average  value  of  the  ton  of  metal  made  was  £5. 

There  were  25  foundries  active  in  1891,  and  these  had  in  oper&lioa 
36  cupolas,  12  reverberatory  furnaces  of  various  kinds,  and  3  open* 
hearths.  The  workpeople  employed  numbered  1819,  the  average  wagas 
per  workman  being  £38»  lis.  The  castings  made  weighed  37,232 
tons.  Of  this  quantity  7398  tons  were  pipes.  The  production  vw 
2  per  cent  more  in  1890  than  in  1891. 

The  works  making  weld  and  ingot  iron  numbered  21,  the  same 
as  in  1890,  Fourteen  of  these  made  weld  iron.  These  14  woiki 
possessed  263  puddling  furnaces  and  212  furnaces  of  other  kind*, 
together  with  59  fiteara-hammers.     In  the  manufacture  of  ingot  iron 
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there  were  employed  8  cupolas,  1  acid  Bessemer  converter  and  5  basic 
ones,  10  basic  and  3  acid-lined  open-hearths,  31  other  furnaces,  and 
15  steam-hammers.  The  trains  of  rolls  numbered  83,  The  workmen 
employed  numbered  12,487  and  tlie  women  625.  The  average  wages 
of  a  workman  (over  IG  years  of  age)  was  £39,  Os.  In  the  manufacture 
of  weld  iron  there  was  used  460,402  tons  of  pig  iron,  118,655  tous  of 
other  iron,  and  658  tons  of  iron  ore.  In  tliat  of  iugot  metal  there  was 
used  180,968  tons  of  pig  iron^  and  69,060  tons  of  scrap.  The  fuel 
used  was  898,393  tons.  The  total  outturn  was  415,018  tons  in  1891, 
that  of  1890  having  been  387,290  tons.  In  addition  39,123  tons  of 
wire,  wire  rods,  nails,  springs,  and  tubes,  were  also  made.  Of  coke 
ovens  the  following  systems  were  in  use : — Appolfc,  Beehive,  Collin, 
Copp^e,  Dilla,  Dulait,  Essenofen,  Fritsch,  Gobiet,  Konigshiitte,  Otto, 
Schaumburg,  Siemens,  Sraet,  Wintzek,  and  ihe  ordinary  Welsh  oven. 
The  workpeople  employed  numbered  2554.  The  production  of  lump 
coke  was  902,202  tons,  and  of  coke  smalls  86,455  tons,  1,604,705  tons 
of  coal  being  used. 

Minsral  Statistics  of  Saxony. — ^According  to  the  official  statis- 
tics,* the  production  of  coal  in  the  kingdom  of  Saxony,  in  the  year 
1891,  amounted  to  4,366,819  tons,  and  that  of  lignite  to  864,376  tons, 
the  output  per  miner  being  207*81  tons  in  the  collieries  and  380  95 
tons  in  the  lignite  mines.  The  production  of  iron  ore  amounted  to 
14,158  tons,  valued  at  X7382,  and  that  of  manganese  ore  to  2045  tons, 
valued  at  £M3, 
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Mineral  Statistics  of  Bavaria. — The  quantity  of  coal  raised  in 
Bavaria  in  1891  .iiiiounted  to  756, 14R  tons,  and  of  lignite  to  10,044 
tons.  Of  iron  urta  149,653  tons  was  raised,  as  well  as  260  tons  of 
manganese  ore.  The  collieries  at  work  numbered  twenty-three, 
employing  13,809  workpeople  ;  the  active  lignite  mines  nine,  employ- 
ing 342  workpeople,  and  the  active  iron  ore  mines  thirty-eight, 
employing  673  men  and  1377  women  and  child reti.  The  man- 
ganese ore  came  from  two  mines,  with  six  workpeople.  The.  average 
value  of  the  ton  of  coal,  lignite,  iron  ore,  and  manganese  ore  was 
respectively  10s.  7d,  48.  7d.,  48.,  and  10s.  Of  graphite  3824  tons, 
valued  at  X3,  llii.  per  ton,  was  raised  ;  and  of  fire-clay  103,287  tons, 
valued  at  7a.  9d.  per  ton. 

kPig  iron  was  ma<.le  at  three  works,  the  output  being  76,552  tons, 
Jahrtm 


I 


*  Jahrbueh  f&r  dat  B^srO'  tifid  Hia^Utmtftun  im  K&nigreicke  Sachteny  1892,  pp.  1-185. 
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and  52,470  toD«  of  castings  was  made  at  seventy-one  foundries.  Nine- 
teen works  made  64  J 13  tons  of  bar  iron,  one  works  made  1644  toos 
of  wire,  and  2  others  282  tons  of  black  sheets.  There  were  four  active 
steelworks,  the  outturn  of  which  amounted  to  67,088  tons.* 

The  History  of  the  Konigshuld  Ironworks.— H.  Fechnert  hw 
compiled^  from  the  records  of  the  State  archives  at  Breslau,  a  history 
of  the  foundation  of  the  Konigshuld  Ironworks  in  Upper  Silesia.  The 
works  present  one  of  the  best  monumerit<s  of  the  care  exercised  by 
Frederick  the  Great  for  advancing  the  industries  of  his  domainf^ 
Called  into  existence  in  the  face  of  great  difficulties,  the  works  taught 
methods  of  procedure  that  wer«  subsequently  fallowed  by  numerous 
other  establisliment«L  The  Konigshuld  Works  were  founded  on 
November  27,  1789.  In  1700  the  products  of  these  works  were  sent 
to  Danzig  and  other  Baltic  port«,  and  orders  were  received  even  from 
the  celebrated  Uutton's  works  in  Berlin.  The  events  of  1806  rendered 
th*j  (support  of  the  Government  impossible.  The  works,  however, 
continued  to  exisL  In  1888,  with  tlie  aid  of  100  workmen,  cutleiy 
was  manufactured  to  the  value  of  £20,000. 


IX,— INDIA. 

Coal— The  total  yield  of  coal  in  India  is  given  as  2,045,000  tow 

in  1889,  and  2,168,000  tons  in  1890,  The  imports  were  605,000  tam 
in  1889,  and  784,000  tons  in  1890.  The  bulk  of  this  came  from  Eog- 
land,  but  Japan  sent  12,014  tons,  and  Australia  10,017  tons.} 


X,— ITALY. 

Mineral  Statistics.^Italy  does  not  possess  very  lai^e  deposit* 
of  iron  ore,  and  coal  is  scarce.  The  iron  ore  that  is  produced  i^ 
however,  of  good  quality.  Unfortunately,  the  ore  deposits  seem  to  be 
becoming  exhausted,  and  the  production  consequently  more  erpensive- 
The  first  export  of  iron  ore  to  Great  Britain  was  119  tons  in  1870. 
This  rose  to   47,500   tons    in   1872,   and    attained  a  maximum  of 

•  OftterreiBhischt  Ztiischrift  Jur  Berff-  *ind  HUtttmcact^  voL  rl.  pp.  450-4ol. 
t  Zeittehrifi  fUr  cUu  Berff-  ffH^Uen*  und  Salinenwt$m  im  Prfustiichen  StaaU,  *«l  il 
pp.  27&-28a 
t  Enff^neerinff  tmd  Mininff  Journal,  toI,  Uv.  p.  341. 
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|S6,301  tons  in  1887,  the  ores  ranging  from  61  to  66  per  cent*  of  iron. 
I  Of  recent  years  the  exports  Lave,  however,  fallen  off,  and  the  total 
,  production  has  fallen  from  421,000  tons  in  1881  to  aboot  200,000  tons 
per  annum.     The  workmen  employed  in  1881  numbered  2245,  as  com- 
pared with  2434  in  1890.     In  the  latter  year  the  production  of  iron 
ore  and  fuel  was  as  follows  in  the  districts  named  below  :^ 


Dtstricto.                                   Iron  Ore. 

Cotkl  «iid  Lignite. 

,  Florence 

IglaoM  .                          ... 

Milftn 

Rome 

Ttijin      .        .                 .        .        , 

189,752 
28;750 

2,20» 

Took. 

203.004 

15,701 

s,ooo 

127,790 

5^1 

26,240 

The  output  of  fuel  is  supplemented  by  large  imports,  principally  from 
England  and  Germany,  but  the  consumption  per  head  is  very  low, 
and  fuel  is  dear.  The  following  table  gives  the  production  of  minerals 
for  the  whole  counti^  *  : — 


Dflsciiptlati, 


SfDlioce 


HwliirtHnm 

Number  of 

Number  of 

nxiiicijiia. 

Mtow. 

WorknwD, 

Ton* 

230,702 

44 

24^4 

2,147 

4 

m 

37(Kaa; 

m 

2817 

45,125 

20 

7& 

1,735 

<» 

47 

Co*l  Mid  lignite 
Aaphalt  And  bituuien 
Gmphite  . 


The  greater  part  of  the  irou  produced  is  in  the  form  of  bar  iron, 
but  hoop  iron  is  made  in  a  few  instances — notably  at  Belluno,  where 
it  is  the  main  product.  Direct  and  cement  steel  are  made  in  a  few 
works  on  a  small  scale*  Genoa  is  the  largest  steel-producing  province, 
the  output  in  1890  being  57,450  tons.  The  Terni  works,  near  Eome, 
produced  only  45^666  tons,  chiefly  in  the  form  of  rails.  Bessemer  steel 
is  only  made  at  one  works,  and  the  make  did  not  exceed  200  tons. 
Water-power  is  largely  used,  the  hydraulic  motors  numbering  754, 
with  a  power  of  16,110  horse-power,  as  compared  with  86  steam- 
engines  of  10,048  horse-power 

The  maximum  output  of  both  finiRhed  iron  and  steel  was  attained  in 
1889,  when  the  production  was  181,623  and  157,899  tons  respectively. 
In  1890  the  production  of  steel  declined  by  as  much  as  50,000  tons. 
*  Enpineerinfff  vol.  Ht.,  pp.  728  729, 
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The  qiiautity  made  in  1885  was  only  6370  tons  of  steel  The  number 
of  works  officially  recorded  in  1890  as  produciog  iron  and  steel  wii 
325,  employing  13,799  workmen,  and  the  total  outturn  of  these  metals 
was  283,300  tons. 

Mineral  Statistics  of  Sardinia.— According  to  a  recent  report 
the  number  of  mines  in  Sardinia,  with  their  output,  was  as  follows  in 
the  year  1890-91  *  :— 


I>WCrlptloii. 

Niimb«r  of 

1 

1 
4 

Qiumtitx. 

Value, 

Mangilueae  ore     .         .        .         ,        . 
Iron  ore       .        .        .         ,         ,        . 
Ligraito 

T-ms. 

l.fiOO 
10,190 
14,199 

-III 

Y 

XI,- 

JAPAN. 

4 

Japanese  Coal, — Mr.  J.  C.  Hall,  HM.  Consul  at  Hakodate,  in  his 
trade  report  for  the  year  1891,  refers  to  the  coal-deposits  of  the  Island 
uf  Yezo,  Fifteen  years  ago  it  was  estimated  by  the  American  engineers, 
who  made  the  first  surveys  for  the  Government,  that  the  workable  coal- 
beds  in  Japan  contained  150,000,000,000  tons,  or  about  two-thirds  as 
much  as  the  coal-beds  of  Great  Britain,  Doubts  have  someiiraeB  been 
expressed  as  to  the  soundness  of  this  large  estimate,  but  time  and  fur- 
ther investigation  have  confirmed  it,  An  elaborate  Japanese  report 
emboilying  the  results  of  the  most  recent  surveys,  was  published  in 
March  189L  From  this  official  document  it  appears  that  there  are  in 
the  workable  seams  of  Yezo  600,000^000  tons  of  coal,  the  total  for  the 
rest  of  Japan  being  700,000^000  tons.  Of  tlie  Yezo  coal,  uinetenths 
is  found  in  one  district,  that  of  the  valley  of  tlie  Ishikari  liiver,  near 
the  west  coast ;  the  remaining  tenth  being  scattered  over  five  fields,  of 
which  the  most  important,  that  called  Rumoe,  in  the  province  of 
Teshiwo,  lies  quite  close  to  the  coast  on  the  same  side  of  the  island, 
just  north  of  the  head  waters  of  the  Ishikari  River.  Then  come  the 
Soya  coalfield,  at  the  extreme  north  of  the  island^  and  tlie  Kushiro,  on 
the  south-east  coast,  each  containing  10,000,000  tons.  The  first  coal 
mined  in  the  island,  at  Iwanai  in  the  province  of  Shiribesln\  belongs 


*  Induatrtits,  vol.  siii.  p-  180. 
vol  I  pp.  511-538, 


Bee  also  a  jiaper  by  E.  de  Latiuay,  Attnalit  dtt  nwu». 
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to  the  smallest  of  the  six  coalfields^  containing  barelv  2,000,000  tonB. 
As  regards  the  quality  of  this  mineral,  although  it  is  very  irregular, 
and  none  of  it  stands  io  the  front  rank,  even  of  Japanese  coal,  still  it 
is  all  marketable,  and  some  of  tho  better-class  mines  in  the  Ishikari 
field,  notably  those  of  Horonai,  Tkusbumbetsu,  and  Sorachi,  yield 
a  coal  not  at  all  inferior  to  the  product  of  the  Kiushiu  mines,  the 
famous  and  fast-dwindling  Takaahima  alone  excepted.  Though  found 
in  comparatively  reuent  geological  strata,  they  are  true  bituminous  coals, 
widely  removed  by  their  composition  from  all  known  coals  of  similar 
age,  and  equal  in  commercial  value  to  Australian  coal. 


I 
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Mineral  Statistics. — The  production  of  pig  Li-on  in  Russia  in  1891 
is  estimated  *  at  936,001)  tons  (exclusive  of  the  production  of  Finland)- 
The  increase  in  the  iron  industry  siuce  1887  has  been  very  considerable, 
for  in  that  year  the  production  did  not  exceed  601,000  tons. 

The  production  t  of  iron  ore  in  Kuasia  in  1890  amounted  to  1,708,097 
tons  from  581  mines  and  105  lakes.  Tlie  production  of  manganese  ore 
was  179,672  tons  from  300  mines,  and  that  of  chrome  iron  ore  was 
2333  tons. 

The  production  of  pig  iron  in  1800  was  as  follows  : — 

Tovii. 
Ckurooftl  pi;  iron       ....  ,         ,        ,    002,074 

Coke  pig  iron     .....  2^>4,812 

Bli&ed  fuel  pig  iron    ,         ,        *        ,  15,404 

Tot»l JJ12,2ao 

There  was  14*5  ironworks,  with  69  cold-blast  and  145  hot-blast  fur- 
naces in  operation, 

The  production  of  weld  iron  was  482,537  tons,  and  that  of  steel 
372,625  tons, 

Coal-Mining  in  Poland* — An  exhaustive  account  has  recently 
been  published  J  of  coal -mining  in  Poland,  The  iuduatry  was  first 
started  at  the  end  of  the  last  century,  but  made  little  progress  until 
1816,  when  the  output  was  under  4000  tons.  By  1625  it  reached 
nearly  60,000  tons,  but  fell  to  about  9000  tons  in  1831.     The  Bank  of 

•  Bir^-  und  fftiitttimdnmnrke  ZritujiQ^  vol,  IL  p.  .183, 

t  Oorny  li$iok,  15th  October  Xmi  \  Brituh  Iron  Tradt  AMSoeiatim,  ButiHmy  No»  19* 

t  Viettntk  Finan^of^  St.  Peteraborg,  through  Iron,  vol.  xl     p.  1G4-165. 
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Poland  then  took  command  with  suceeas  until  1843,  when  the  De- 
partment of  Finance  assumed  the  management.  The  state  of  the 
industiy  fluctuated  considerably,  but  a  stinmlus  was  given  by  the  law 
of  1870,  which  controlled  mineral  rights  apart  from  the  soil.  At  the 
present  time  most  of  the  coal  is  produced  by  four  or  five  counties,  the 
total  output  last  year  amounting  to  2,553,000  tuns.  The  number  of 
people  employed  is  given  as  11,294  for  1891. 

The  Iron  Industry  of  Finland.— According  to  the  most  recent 

official  stHtistias*  there  existed  in  the  Wiborg  district  in  1889  only 
&ne  active  iron-ore  mine.     This  had  an  output  of  1030  tons.     On  the 
other  hand,  47,663  tons  of  lake  iron  ore  was  raised  from  169  lakes. 
In  fvHirteen  blast  furnaces  15,060  tons  of  pig  iron  was  maiie.      For 
each  100  kilogrammes  of  irun  ore  there  was  used,  0  37  hectolitres  of  wood 
for  drying,  and  7  '37  hectolitres  for  smelting.    The  blast  had  a  tempera* 
ture  of  about  200 "^  C,  except  in  four  cases  where  cold  blast  wafs  used.    The 
lake  ore  averaged  35  per  cent,  of  iron,  and  Swedish  ore  also  smelted 
contained  from  50  to  54  per  cent,  of  metal*     In  hearths  3558  tons 
of  malleable  iron  was  made,  each  hearth  making  as  a  daily  averagi' 
0'77  ton  of  metal  and  using  64|  hectolitres  of  charcoal,  with  a  loss  of 
16  per  cent,  of  the  pig  iron  used.     PmidHng  was  carried  on  at  seven 
works.     These  made  9305  tons  of  iron,  with  a  loss  of  12  per  cent, 
the  daily  average  for  each  furnace  being  2*5  tons.     The  rolling-milk 
treated  only  Finnish   metal,  their  outturn  amounting  to  6560  tons. 
Ingot  iron  was  made  almost  solely  at  Aminnefors,  where  open-heartli 
furnaces  are  in  use.    Here  there  was  made  846  tons  of  ingots  from  662 
tons  of  pig  iron,  0*3  ton  of  ferro-silicon,  and  1-7  ton  of  ferro-manganesc. 
A  second  works  made  160  tons.     The  loss  in  rolling  reached  13*7  per 
cent.     The  manufactures  amounted  to  3227  tons,  mostly  nails.    The 
twenty-four  foundries  made  together  4689  tons  of  castings.    The  whole 
of  the  manufacturing  establishments  in  Finland  treated  in  1889,  682 
tons  of  pig  iron,  1728  tons  of  weld  iron,  and  2652  tons  of  steel 


^llL—SPAIiV. 

Imports  and  Exports. — The  imports  for  the  first  half  of  1892,  « 
compared  with  those  lor  the  corresponding  period  in  the  previous 
year,  were  as  follows  t  :— 

•  OeMicrreickitehe  ZeiUchrift/Ur  Bcrg^  wnd  MHUmw^tm,  voL  xL  p.  160. 
f  Irottf  vol»  xl,  p.  148. 
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Desciiptioa. 


First  Half, 
1893. 


CoaI      .         .        . 
Coke     « 
Pig  iron 

Bftfi  ud  iteel  ndls 
Tin-bUtes     . 


Tbe  exports  were — 


Tin*. 

812,  IKS!) 

76,251 

18,442 

5,880 
21,673 

2,189 


Finit  B»ll, 


To«8. 

881,788 

140,105 

11,432 

9,8:i9 

18,237 

1,029 


1                                                l^mmn^T^ti^                                                        ^"*  ^^'^l 

f  ij-«t  U»lf, 
1891. 

Tulitt. 

Iron  QW 2,3»9,721 

Ikmi       .                        .        .                             2:i,808 

Toim. 
2,19e,78ft 

2B,940 

The  School  of  Mines  at  Madrid— Tii«  Spanish  Goverement  has 
recently  iievot<dd  much  attentiou  ti>  the  equipment  of  a  suitable  mining 
fichooL  At  present  the  attendance  of  students  is  but  small.  The 
school  itself  appears  to  have  an  important  future  before  it  in  view  of 
the  well-known  mineral  richness  of  the  country.  F.  Toldt*  describes 
the  course  of  teaching  adopted.  The  Go  verniiient  devoted  £40,000  to 
the  erection  of  the  buildings  and  to  their  contents.  The  course  is 
of  three  years'  duration.  During  the  first  year  the  studies  include 
chemistry  and  assaying,  mineralogy,  and  mechanics;  during  the 
secondy  geology  and  pal cTontology,"  civil  engineering,  and  metallurgy; 
and  during  the  third  year,  mining,  metallurgy,  and  electro-technology. 
The  students  must  pass  through  the  ordinary  course  at  the  polytechnic 
school  before  entering  the  School  of  Mines.  Excursions  are  made  by 
the  students  as  a  part  of  their  course  of  studies,  similar  to  the  mining 
and  metallurgical  excursions  of  the  students  at  the  Eoyal  School  of 
Mines  in  London, 


XlW—SiyiJJJEK 


Mineral  Statistics. — According  to  the  official  statistics  in  Sweden 
in  1890,  940,429  tons  of  iron  ore  was  raised  from  390  mines,  and  at 


•  OaUrrtiehiMeke  Zeii*chHfl  fUr  Berfj'  and  HiitUnwcicn.  vol.  x\.  p.  446. 
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three  places  in  the  south  of  the  country  812  tons  of  lake  ore  ww 
ohtained. 

The  production  of  pig  iron  amounted  to  541,442  tons,  besides  H 
tons  of  raw  castings.  There  were  154  furnaces  in  blast  for  37891)1 
days,  each  fcimace  producing  2961  tons  and  being  in  blast  for  246 
days. 

There  were  119  foundries  in  operation,  yielding  S2,969  tons  of 
castingB. 

At  99  works  225,631  tons  of  blooms  was  produced,  and  at  157 
works,  with  445  funmces,  281»832  tons  of  bar  iron  was  also  made. 
This  total  includes  317  tons  of  Uchatiua  metal. 

Ingot  iron  and  sterol  were  obtained  at  45  works,  the  production 
amounting  to  169,287  tons.  Of  this  total,  94,247  tons  was  made  at 
14  Bessemer  works,  72,984  tons  at  22  open-hearth  works,  and  2055 
tons  at  9  other  works  (including  431  tons  of  Uchatius  steel). 

Manufactured  iron  and  steel  were  made  at  153  works,  the  total 
product  of  78,997  tons  consisting  of  28,928  tons  of  plates,  12,142  tons 
of  nails,  10,105  tons  of  rails,  6118  tons  of  tools,  and  21,704  tons  of 
other  articles. 

The  production  of  manganese  ore  amounted  to  10,698  tous^  The 
production  of  coal  was  almost  the  same  as  in  1890;  it  amounted  to 
2,343,895  hectolitres.  The  production  of  fireclay  amounted  to  978,355 
hectolitres* 


XW—UNITEJO  STATES, 

Iron  Trade  Statistics.— According  to  the  report  of  the  American 
Iron  and  Steel  Association,  the  production  of  pig  iron  during  the  first 
half  of  1892  was  as  follows  • — 

Charcoal  pig  iron    .  27!!. 9 16 

Coke  pig  iron  ,  .  :\5i<7,442 

AnthriMite  pig  iron        .        ,  .        n31,6!>9 

Total  ...     I,799,a'5« 

Of  the  production  in  the  first  half  of  1892  the  amount  within  the 
Bessemer  Hmifc  was  2,268,608  tons.  The  outturn  of  pig  iron  during 
the  first  half  of  1891  amounted  to  4,911,763  tons. 


Production  of  Bessemer  SteeL — The  producUon  of  Bessfiner 

*  KitmmemkoO^htffmdm^ dr  im,  Bto«lcholm,  1898. 


steel  ingots  and  rails  in  tlie  Uoited  States  was  as  follows  in  the  first 
half  of  1892,  the  figures  for  the  same  period  of  the  previous  year  being 
given  for  comparisun  : — 


MateriaL 


Itigota 
RaiU 


Flnt  Hftlf, 
1S92. 


Too*  of  aOOO  lbs.  Toiii  of  3000  tba. 


2,305,909 
865,128 


1,599,096 

579»929 


The  productiofi  of  Clapp-Griffiths  steel,  included  in  the  above,  was 
41,4  n  tons  in  the  lirst  half  of  1892,  and  33,789  in  that  of  189L* 


I 


Production  of  Iron  Ort* — In  his  exhaustive  report  on  the  pro- 
duction of  iron  ore  in  the  United  States,  Mr.  J.  Birkinbinet  estimates 
the  total  quantity  produced  io  1890  at  10,036,043  tons.  This  total, 
however,  does  not  represent  all  the  material  used  as  iron  ores.  Many 
of  the  blast  furnaces  employ,  as  part  of  the  charge,  cinder  from  puddling 
and  heating  furnaces,  or  the  residue  from  burning  pyrites  for  the  pro- 
duction of  sulphuric  acid,  The  residiie  containing  iron  and  manga- 
nese resulting  from  the  treatment  of  the  New  Jersey  franklinite  is 
also  utilised  in  several  blast  furnaces  to  produce  spiegeleiseii.  Tht* 
quantity  of  such  material  used  in  1890  is  estimated  at  850,000  tons. 

The  production  of  the  different  classes  of  ore  in  1890  was  as 
follows : — 

Red  baumatitu     ..... 
Brown  heetnAtiW         .         ,         .         . 

MAgnetiie 

Spftthic  ore         ... 

Total 


To««t. 

Per  CeML 

I0,527,6o0 

65^ 

2,55y,9:i8 

15-96 

2,570,838 

16-03 

377,C1T 

ami 

16.036.043 


ItXiOO 


Of  this  total  44 '54  per  cent,  was  produced  by  Michigan,  and  11*83 
per  cent  by  Alabama, 

Full  details  are  given  in  the  report  concerning  the  iron  ores  of  the 
various  States 

Condition  of  the  Blast  Furnaces. — At  July  1,  1892,  the  furnaces 
in  blast  in  the  United  States  J  numbered  254,  with  a  weekly  capacity 

•  A nitrkatk  Manufacturer f  vol,  li,  p*  276. 

f  Mintraf  Rc^mtrcn  of  tkt  United  StaU»*     Cui^ndar  Year*  1S89  and  1890.     Wiuli- 
iogtcti.  185*2,  pp.  23-47. 
X  Iron  Affe^  vol.  1.  y.  69. 
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of  169,151  toD«.     Classified  according  to  the  fuel  used,  the  fomicei 
were  as  follows  : — 


Antlimellew 


Number  of  fiiniiu)«« 
Number  in  bliut 
C^pncity  prr  week 


1» 

42 


150 
72 

31,754 


Cokfi. 


SS6 

140 

127.433 


^H  Production  of  Tin  and  Teme  Plates.— The  official  retum  thowi 

^^  that  during  tlie  fiscal  year  emiin^  June  30,  1892,  the  production  of 

I  liu  and  terue  plates  iti  the  United  States  amounted  to  1S«496,521  IbB. 

I  How  rapid  the  progress  of  this  industry  has  been  will  be  seen  fnm 

I  the  outputs  during  each  of  the  four  quarter?  of  the  fiscal  year  : — 


8«i>t«ixiber :%  mn 

Deo«mb«r  31,  1891 
M;irch  .HI,  1892       . 


Output,  ibtt. 
826,922 

1.400,821 
:'*,(>»  4, 087 


DollnTi. 

AreraKe. 
Dollars 

1-25  10  4-50 

2-50 

1  10  ,.  3  7o 

2^ 

110  „  300 

175 

100  „  2T5 

150 

•  /«>»  Affc  vol*  L  p.  350.  f  /Wd,  vol.  xlix.  p.  108& 

$  BriiiMh  Iran  Tradt  Auodationj  Bulletin,  No.  17. 


Of  the  output  during  the  June  quarter,  over  5,000^000  iba.  w« 
made  from  American  black  plates.  * 

The  Wages  Paid  in  United  States  Foandries.— A  ubular 
statement  is  published  in  the  Iron  Age  f  showing  the  wages  paid  ta 
workpeople  in  United  States  foundries.  The  foundries  to  which  the 
statements  refer  are  seventy-eight  in  number,  and  the  wages  are  based 
upon  a  day  of  ten  hours.     The  wages  paid  are  as  follows : — 


Moalden     » 
Oore-makera 

ChipptTft 

The  averages  are  uierely  approximations. 

Imports  of  Iron  and  SteeL— The  following  table  t  from  tie 
monthly  summary  of  the  Bureau  of  Statistics,  shows  the  iraporU  into 
the  United  States  during  the  fiscal  year  ending  June  ^,  1892 : — 


^^^H 

^^^^^^^^^PIBL_^^H 

J 

551         1 

^1 

I^H^^^^H 

^^^^H 

^ 

^^^^H                                Artlelcft 

■ 

^^^^^^H          Pig  iron 82,8Q1 

^^^^^H           Scrap  iran  and  eteel 38,769 

^^1 

^^^^H           B&riron 20,829 

^^^^1 

^^^^^^H          Iron  &nd  steel  mUa 299 

^^H 

^^^^^^H           Cotton-tiei,  hoDjM,  iic.       .         .                 n                                473 

^^H 

^^^^^^H           Hoop,  bandf  or  goroU  iron  or  ateel    ...                   1,090 
^^^^^H           Steel  ingotfl,  bloooiiii,  billf^tM,  &c.                                        3G,412 

^^^1 

^^H 

^^^^^^H           Sheet,  plate,  und  tnggers  iron  or  <iti^el                                14,486 

^^H 

^^^^^H           Tin-plnteH I86,6B4> 

J^^^M 

^^^^^H           Wire  rods,  iron  or  steel 4.1,353 

^^H 

^^^^^^H           Wire  aod  wire  rui>e,  iron  nr  steel                                           3,514 

^^H 

^^^^H           Armlii 

^^^1 

^^^^^H                                      

463 

1 

^^H^                                                       Tot&l        .... 

430,070 

V                              Iron  ore      .         .        ,                 ,         .         .         .         .  1,008,887 

n 

f          Exports  of  Petroleuin.^The  total  exports  of  petroleum,  inc 

luding           1 

1        raw  and  refined  oil  and  naphtha,  from  the  United  States  during  the           ■ 

1       first  half  of  1892  amounted  to  333,394,844  gallons,  as  compared  with           | 

283,745,078  gallons  exporteil  during  the  same  period  of  1891.* 

g 

XYl— COMPARATIVE  TABLES, 

1 

The  World's  Production  of  Coal  and  Iron.~^For  purposea  of    ^| 

comparison  the  foUowiDg  summaiy  of  the  production  of  coal 

in  the          1 

principal  conntne«  of  the  world  is  Hpp*^ndf 

^d:- 

1 

■ 

Country. 

Yoar. 

TaoM. 

United  Kingdom         ..... 

1       1891 

185i479.12S 

AuitrftlaBia— 

^^^M 

^^^H 

New  South  Wnli*5 

1891              4,037,930 

^^H 

^^^H 

New  Zeataud    - 

1891                 ti68,794 

^^H 

^B 

QueenalHnd 

1      1891                 271,603 

^^H 

^H 

Victoria    ,         . 

1891      1            22,834    , 

^^^1 

Tttsronnift. 

1890      '            58.812 

^^H 

^^^H 

An  stria,  coal                                            .         . 

1891 

9,192.885 

V 

^^^g 

,,        lignite                                      .         . 

1891 

16.183,076 

^^M 

^^^^ 

H unitary,  eoal      . 

181H 

994,812 

^■^1 

m 

,,         lignite. 

180O 

2,249.098 

^^H 

m 

Belgium       ...                                 . 

1891 

19,866,-^5 

^^H 

Cape  of  Good  Hope 

1890 

33,021 

^^H 

Canada         .                                           .        . 

1891 

8,400,479 

^^^1 

Fmoco.        ... 

1891 

26,327.000 

^^H 

German  J,  co<d      . 

1890 

70.237.8(»8 

^^^1 

,,         lignite 

1890 

19,053,026 

^^H 

Itidift 

1890      1 

2,168,000 

V 

Italy,  lignite 

1891                289,286 

fl 

Japan  .        «                                         ,        . 

1887      .        1,492,000 

V 

Natal   -        .                                          ,        . 

1890      1 

65,188 

1 

Buaaia  ... 

1890 

6,118,560 

I 

Spain  ...                                         . 

1891 

1,28^,000 

1 

Sweden        .        ,                                .        . 

1S89 

256,028 

M 

United  States 

1890 

141.229,613 

^ 

■ 

♦  American  Manufadui'er,  ?oL  li.  p.  78. 
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A  Biuiikr  Biimniiiry  showiug  the  production  of  pig  iron  is  u  H- 

lows : — 


Count^. 

t««ir. 

Production  itt 
Ton*. 

7.22R,496 
617,145 

G88.0&6 

2;*,891 

1,919,185 

4,641,217 

M,!»30 

t>36,0U(1 

278,462 

541.442 

8,279.870 

0ititod  Kingdom          .        .        .                 , 

Auatriii 

Hungary 

Belk'i'S'ii 

FiiihC»'           . 

OeruiAny 

ItAly 

Roiain. 

Hpiijn    . 

BwedcQ 

United  SUttis       ...... 

18SH 

1891 
IHtK) 

18fH 

isui    1 

Production  and  Export  of  Iron  and  Steel— Mr.  W.  Jm^ks* 

discusses  the  comparative  pro|jres8  of  the  iron  and  steel  industries  of 
different  countritfs  in  reference  to  production  and  exports,  and  tb« 
It'saona  to  b«  learned  tlierefrom.  The  exports  of  Germany  iiave 
increased,  while  those  of  Britain  and  Belgium  have  been  reduced. 
Pricea  everywhere  have  diminished.  lu  Germany  the  orea  and  labonr 
are  cheap,  hut  cuke  rates  are  higher  than  in  this  country.  Between 
1870  and  1890  the  percentage  productions  have  varied  as  follows  iu 
the  following  countriea : — 


Countries. 

¥lg  Iron, 

FlDiahedtioiL 
1870.        1890. 

m^oMTmt^ 

1870.     1     1S90. 

1870. 

x»o' 

GrwiBritidn. 

Gertnany         .        .        .        - 

United  Statai.        .        .        . 

58      1      33 
11            19 
le         »7 

43        m 

Id            30 
22           37 

46 

9 

50 

The  decline  in  British  production  and  exports  appears  to  be  cbiefl; 
due  to  the  lessened  demand  from  America,  but  the  competition  of 
Germany  appears  to  threaten  the  greatest  danger.  In  seeking  for 
explanalioiis  of  the  facts,  the  author  refers  to  the  number  and  severity 
of  the  strikes,  and  to  the  heaviness  of  the  royalties  imposed.  Con- 
ciliation boards  to  improve  the  relations  between  employers  an^ 
labour  are  called  for,  and  also  greater  attention  of  our  foreign 
diplomatists  to  the  commercial  interests  of  this  country. 

*  Pjftfwr  readbtifore  the  Britiih  Iron  Trmle  AAsocmkioD^  June  15^  18^ 
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The  Iron  and  Steel  Industry.^F*  Bleichateiuer  *  reviews  the 
iron  and  steel  industry  us  it  exists  at  present.  He  points  out  that 
in  1870  and  1800  tlie  production  of  pig  iron  was  as  follows  in  the 
countries  named :— 


Countries. 

18fO 

IBSO. 

Unit«4l  Kingdom    .        .        .        , 
United  Statei                  .        ,         . 

Ton*. 

r>,wi:i,r)ir» 
i4J<i.%i7H 

1,391,124 

Tooji. 
8,000.000 
9,203,000 

4,<J37.23tl 

Daring  the  past  ten  years  the  outturn  of  pig  iron  in  the  United 
Kingdom  shows  but  little  change,  while  there  has  been  a  steadily 
increasing  production  in  the  two  other  countries  named. 

Of  other  countries,  Hungary,  Bohemia,  and  Moravia  have  shown 
rapidly  increasing  outturns  during  recent  years.  He  refers  to  the 
improvements  in  metallurgical  processes  which  have  been  introduced, 
and  considers  the  question  as  to  the  supply  of  ore  and  fuel.  Older 
processes  have  gradually  been  replaced  by  more  modern  ones,  the 
main  object  being  an  increase  in  the  output,  combined  with  the 
gradaal  replacement  of  malleable  iron  by  steel  The  author  considers 
the  Darby  recarbiirising  process,  the  steel  industry  generally,  and 
the  comparative  falling  into  desuetude  of  the  puddling  process.  He 
also  considers  the  question  of  the  physical  properties  of  the  metals 
produced  in  relation  to  their  chemical  composition. 

Constunption  of  Pig  Iron. — Mehrtens  t  estimates  that  the  annual 
consumption  of  pig  iron  per  head  of  population  is  as  follows  :  In  Great 
Britain,  231  lbs. ;  in  Belgium  and  in  the  United  States,  198  lbs. ;  in 
Germany,  176  lbs. ;  in  France,  132  lbs. ;  in  Austria-Hungarj',  66  lbs. ; 
in  Blissia,  26  lbs. ;  and  in  British  India,  2  lbs.  The  average  for  the 
irhole  world  is  estimated  at  33  lbs. 

•  OrsUrreichuche  ZHUehriJt  ^ilr  Bern-  ^^tid  HUtUnweKn,  toL  jX,  pp.  190-I92»  204- 
208,  2l<>'219. 

t  Zdt^thrift  d€9  Vereinex  Deittscher  Int^enieure^  vol.  xxxvi.^  pp,  692-700. 
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THE  IRON  AND  STEEL  INSTITUTE. 


RULES. 

1.  The  Society  ehall  be  designated  ''Thk  Im&n  and  Stbbl  Ikstitui 

2.  The  objects  of  the  Institute  shall  be — 
To  afford  a  means  of  communicayon  between  members  of 

Iron  and  Steel  Trades  upon  matlera  bearing  upo|i  their 
respective  manufactures,  excluding  aU  questions  co^mected 
with  wages  mid  trade  regulations. 
To  arrange  periodical  meetings  for  the  purpoa©  oi  diacusedng 
practical  and  scientific  subjects  bearing  upon  tiMmaiiiifactttre 
and  working  of  iron  and  steel, 

Skctioh  I — OonBtitution. 

3.  Tlie  Institute  shall  consist  of  members  who  sbaM  be  more  tbim 
twenty-one  years  of  age,  and  shall  have  one  or  odier  of  the  following 
qualifications : — 

(a)  Persons  practically  engaged  in  works  where  iron  or  steel 
is  produced  or  worked. 

(b)  Personfi  of  scientific  attainments  in  metallurgy',  or  specially 
connected  with  the  application  of  iron  and  ^teel. 

It  shall  be  within  the  province  of  the  Council  to  elect  Hononry 
Members,  the  number  not  to  exceed  twenty. 


Section  II. — Election  of  Members. 

4.  A  recommendation  for  admission  according  to  Form  A  in  the 
Appendix  shall  be  forwarded  to  the  General  Secretary,  and  by  him  bo 
laid  before  the  Council.  The  recommendation  shall  be  in  writing,  And 
be  signed  by  not  fewer  than  tliree  members, 

5,  Such  applications  for  admission  as  are  approved  by  a  majority  of 
the  Council  shall  be  inserted  on  &  voting  list.  This  voting  list  sball 
specify  the  name,  occupation,  address,  and  proposers  of  the  candidatee^ 
and  shall  be  for^varded  to  the  members  at  least  fourteen  days  ptievions 
to  the  next  general  meeting,  when  the  lists  that  have  been  returned  to 
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ike  Gemeial  Secretary  shall  be  opened,  only  in  presence  of  the  members, 
by  Sorataaeeis^  to  be  appointed  by  tbe  meeting  for  that  purpose.  The 
eiectiona  alifttt  take  place  at  the  general  meetings  only. 

[Note* — Gentlemen  whose  proposal  forms  are  pemed  by  the  Ctiuucil  after 
the  voting  lids  have  been  issued,  shall  he  allofoed  fo  aftmd  the 
mhiiequent  general  meeting  ;  and  if  afterwards  duhj  elected  members, 
it  is  understood  that  their  suhscription  becomes  payable  in  reject  of 
the  pear  in  which  said  meeting  is  held.] 

6.  The  election  shall  take  place  by  ballot,  three-fifths  of  the  vote« 
recorded  being  necessary  for  election. 

7.  When  the  proposed  candidate  is  elected,  the  General  Secretary 
shall  give  him  notice  thereof,  according  to  Form  J%  but  his  name  shall 
not  be  added  to  the  list  of  members  of  the  Institute  until  he  shall  have 
paid  his  first  annual  subscription,  and  signed  the  Form  C  in  the  Appendix* 

8.  In  the  case  of  non-election,  no  mentiun  thereof  shall  be  made  in  the 
minutes,  nor  any  notice  given  to  the  unsuccessful  candidate. 


BecTiox  HI. — OMcers  and  Mode  of  Election. 

9,  The  officers  of  the  Institute  for  the  management  of  its  affairs  slmll 
consist  of  one  President,  nine  Vice-Presidents,  fifteen  Members  of  Coun- 
cil, a  Secretary  or  Secretaries,  and  one  Treasurer.  All  members  who  have 
filled  the  office  of  President  of  the  Institute  shall  be  ex-officio  perma- 
nent members  of  the  Council,  under  the  title  of  Past-Presidents. 

10*  The  Presitlent  shall  be  elected  for  two  yeai^,  and  shall  not  be 
eligible  for  re-election  wutil  after  an  interval ;  three  Vice-Presidents  and 
^Ye  Members  of  the  Council,  in  rotation,  shall  retire  annually,  but  shall 
be  eligible  for  re-election,  unless  disqualified  by  uon*attendance  durinj^ 
the  previous  year.  In  addition,  those  Vice-Presidents  and  Members  of 
Council  shall  reture  who  have  not  attended  any  meeting  of  the  Council 
or  Institute  during  the  previous  year,  unless  such  non-attendance  has 
been  caused  by  special  circumstances,  which  shall  have  been  duly  noli  Pied 
to  the  Council. 

11.  Candidates  shall  be  put  in  nomination  at  the  ortlinary  general 
meeting  prece^ling  the  annual  meeting,  when  tlie  Council  shall  present  a 
list  specifying  which  of  the  number  are  eligible  for  re  election.  Any 
member  shall  be  then  entitled  to  add  names  to  the  list  of  candidates. 
Members  may  also  nominate  canditlates  for  office  up  to  one  month 
previous  to  the  annual  meeting,  the  names  to  be  sent  to  the  General 
Secretary.  The  voting  list  of  the  proposed  names  shall  be  forwarded  to 
the  members,  and  must  be  returned  to  tlie  General  Secretary  previous  to 
the  election. 

1 3.  Each  member  may  erase  any  name  or  names  from  the  lists,  but  the 
number  of  names  on  the  list,  after  such  erasure,  must  not  exceed  thf* 
number  to  be  elected  to  the  respective  offices  as  before  enumerated.  The 
lists  which  do  not  accord  with  these  directions  shall  be  rejected  by  the 
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Scrutineera.     The  votes  for  any  member  who  may  not  l>e  elc 
Pi^siilent  or  Vice-President  shall  count  for  him  as  Yice-PresMenl^ 
other  member  of   the  Council      The  voting  to  be  conducted   in  the 
manner  specified  in  Section  II. 

1 3.  The  Council  ehall  have  power  to  till  up  any  vacancies  that 
(wcuT  during  their  year  of  oflSce. 

Section  IV. — Duties  of  Officera. 

14.  The  Pre^aident  shall  be  Chairman  at  all  meetings  at  which  he 
shall  be  present,  and  in  his  absence  one  of  the  Vice-Presidents.  In  the 
absence  of  a  Vice-President,  the  members  sh«ll  elect  a  Chairman  for  that 
meeting. 

15.  Tbe  Ti-easurer  tihull  hold  in  trust  the  uninvested  funds  of  th»* 
Institute,  which  shall  hv  depositeil  in  the  name  of  the  Society  at  a  bank 
approved  by  the  Council ;  he  shall  receive  all  moneys,  and  shall  pay  all 
iiccumitii  that  are  properly  certified  as  correct  by  the  Council ;  and  shall 
present,  from  time  to  time,  a  statement  of  the  Society's  accounts. 

16.  The  General  Secretary  shall  attend  aU  meetings,  shall  take 
ininntes  of  the  proceedings  shtdl  he  responsible  for  the  safe  custoily  of 
uU  pajiers,  books,  and  other  property  of  the  Institute,  and,  under  the 
direction  of  ihe  Council,  .^hall  conduct  the  general  biisine^  of  th« 
Institute. 


Section  V.— Meetings. 

17,  Tlierc  shall  be  at  least  two  general  meetings  in  each  yMr«  one  of 
w*hich  shall  he  held  in  London  in  the  Spring,  and  the  other  in  August  or 
September,  in  such  locality  as  the  Council  may  direct  The  meeting  in 
the  Spring  shall  be  the  annual  meeting  for  the  election  of  officers. 

18*  Twenty  members  shall  be  entitled  to  call,  through  the  Geneml 
Secretary,  a  special  meeting,  the  objects  thereof  to  bo  stated  in  the 
teqiiisition.  The  business  of  such  meeting  shall  be  confined  U^  the 
speciid  subjects  named  in  the  notice  convening  the  same. 

19.  All  members  shall  have  notice  of,  and  shall  be  entitled  to  attend, 
each  meeting  of  the  Institute,  and  to  receive  copies  of  the  Institute's 
publications  gratuitously. 

20.  No  alteration  of  the  Rules  or  Bye-laws  shall  be  made  except  at 
the  annual  meeting,  and  a  notice  of  any  proposed  alterations  shall  be 
given  at  the  general  meeting  to  be  held  in  August  or  September. 

Section  YL— Subscriptions. 

2L  The  subscription  of  each  member  shall  be  two  gmneas  perannom; 
and  members  elected  after  January  1st,  1870,  shall  pay  on  entnnce  fee 
of  two  guineas  e^ck 

22.  The  subscriptions  shall  be  payable  in  advance  on  January  1st  in 
each  year     Any  member  whose  subscriptions  shall  be  twelve  months  to 
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arrear  shall  forfeit  all  the  privileges  of  the  Institute ;  and  tha  CouBcil, 
after  having  given  due  notice,  in  the  form  D  in  the  Appendix,  shsdl  be 
empowered  to  remove  such  name  from  the  lists  of  the  Institute. 

SBernoN  VIL— OommunicatioEB  of  Members. 

23.  All  communications  shall  he  submitted  to  the  Council,  and,  after 
their  approval,  shall  be  read  at  the  general  meetings 

24.  All  communicatians  made  to  the  Institute  shall  be  the  property 
of  the  Society,  and  i^hall  be  published  only  in  the  Transactions  of  the 
Institute,  or  by  the  authority  o(  the  Council 

Section  VIIL — Property  of  the  Institute. 

25.  All  the  property  of  the  Institute^  other  than  funds  in  the  hands 
of  the  Treasurer,  shall  he  held  by  three  Trustees,  in  trust  for  the  Society. 
Tlie  Trustees  shall  be  appointed  by  the  members  in  general  meeting 
asaembled  ;  and  in  case  any  vacancy  in  the  Trustees  occurs,  the  same 
shall  be  Mled  by  election  at  the  next  general  meeting — the  Chairman,  in 
all  cases,  having  a  second  or  casting  vote, 

26*  All  books,  drawings,  communications,  models,  and  the  like,  shall 
be  accesaible  to  all  members  according  to  the  Eje-laws.  The  Council 
shall  have  power  to  deposit  the  same  in  such  place  or  places  as  may  be 
considered  most  convenient  for  the  members. 

27.  Every  person  desirous  of  bequeathing  to  the  Institute  any  personal 
property,  is  requested  to  make  use  of  the  following  form  in  his  will : — "  I 
give  and  bequeath  to  the  Trustees  of  the  Iron  and  Steel  Institute  in 
London  [hero  mention  thi'  property  or  sum  of  money  intended  to  be 
bequeathed]  for  the  use  of  the  Institute/' 

Section  IX.^ — Consulting  OMcerg. 

28.  The  members  in  general  meeting  assembled  shall  have  power  to 
appoint  such  consulting  officers  as  may  be  thought  desirable  from  time 
to  time,  and  may  vote  them  suitable  remuneration. 

SioTioN  X. — Frizes. 

29.  Tiie  Society  may  offer  annually  a  certain  sum  to  be  appropriated 
in  Prizes  or  Medals,  for  Essays  on  subjects  prescribed  by  the  Council, 
for  inventions  of  a  speciiied  character,  or  for  improvements  in  special 
departments  of  the  iron  or  steel  manufactures.  A  list  of  the  subjects  for 
which  prizes  will  be  given  shall  be  presented  in  each  Annual  Report. 

Section  XL — Dissolution. 

30.  The  Institute  shall  not  be  broken  up  unless  upon  the  vote  of  two- 
thirds  of  the  members  present  at  any  general  meeting,  convened  for  the 
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purpoae  o!  considering  the  dissolution  ;  and  after  conftrmatioTi  by  a 
similar  vote,  at  a  subsequent  meeting,  to  be  held  not  less  than  three,  Of 
more  than  six  months  after  the  first ;  and  notice  of  this  last  meeting 
ahall  be  duly  advertiaed  as  tho  Council  or  a  general  meeting  may  advise. 


APPENDIX. 


FORM  A, 

Mr.  A.  B.  (address  in  fidl),  being  of  the  required  age,  and  desirous  of 
becoming  a  member  of  the  Iron  and  Steel  Institute,  we,  the  undei9tgned^ 
from  our  personal  knowledge,  do  hereby  recommend  him  for  election. 


His  qualifications  are 


Witness  our  hands  this. 


day  of 18 


Three 
)      Members, 


_day  of , 


FORM  R. 

Sir, — I  beg  to  inform  you  that  on  the, you  were  elected  a 

member  of  the  Iron  and  Steel  Institute,  but,  in  conformity  with  the 
Rules,  your  election  cannot  be  confirmed  until  the  accompanying  form  be 
returned  with  your  signature,  and  until  your  entrance  fee  and  first  annual 

subscription  (amount  JE )  be  paid  to  me.     If  the  first  subscTi|>- 

tion  is  not  received  within  two  months  of  this  date,  your  election  will 
become  void. 


I  am.  Sir,  your  obedient  Servant, 
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FORM  C. 

I,  the  undersigned,  being  elected  a  member  of  the  Iron  and  Steel 
Institute,  do  hereby  agree  that  I  will  be  governed  by  the  regulations 
of  the  said  Institute,  as  they  are  now  formed,  or  as  they  may  be  hereafter 
altered ;  that  I  will  advance'  the  interests  of  the  Institute  as  far  as  may 
be  in  my  power ;  provided  that,  whenever  I  shall  signify  in  writing  to 
the  Secretary  that  I  am  desirous  of  withdrawing  my  name  therefrom,  I 
shall  (after  the  payment  of  any  arrears  which  may  be  due  by  me  at  that 
period)  be  free  from  this  obligation. 

Witness  my  hand  this day  of 18 


FORM  D. 

Sib, — I  am  directed  to  inform  you  that  your  subscription  to  the  Iron 

and  Steel  Institute,  amounting  to ,  is  in  arrear,  and  that  if  the 

same  be  not  paid  to  me  on  or  before  the day  of 

18 ,  your  name  will  be  removed  from  the  lists  of  the  Institute. 

I  am.  Sir,  your  obedient  Servant, 

General  Secretary. 
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Union,  JVarkn^  Dortmund,  Germany* 

H 

1885 

Breckon,  J.  R, 

53  John  Street,  Sunderland. 

I 

1887 

Breda,  Yincenzo  Stefano, 

Accinierie,  Terni,  near  Rome. 

J 

1889 

Bremme,  Friedrich  G.  T,, 
GleiwitZy  Germany. 

■ 

tSSS 

Bright,  Alfred  Charles, 

Hawkwell  Tin  Plate  Works,  Cinderford. 

1 

1890 

Bright,  William, 

Fairwnod  Tinplate  Works^  Glamorganshire. 

I 

1891 

Broadbent,  Horace, 

Chiipel  HUl  House,  EuddersfiekL 

1 

>t88o 

Brock,  Aubroy, 

no  Cannon  Street,  London,  E.C. 

V 

1872 

1 

Brock  bank,  William, 

BrockhurHt,  DiJjtbury,  near  Manchester, 

J 

tss$  1 

Brodie,  Thos.  Dawson, 

5  Tiiidie  Street,  EdinhurgL 

H 

1869 

*Brogden,  Henry, 

Hale  Lodge^  AUrtTicham,  Manchester, 

^ 

1869 

*Brogden,  James, 

Sea  Bank  Bouse^  Porthcawl^  near  Bridqmd, 

1 

IS85 

Bromilow,  John, 

137   Wai^drk  Road^  Birmingham, 

] 

188  r 

Brooke,  Edward, 

Edgertmi,  HitdderMjield. 

V 

L 

i 
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^B           Sket^                                                                                                                           ^^^1 

^B          tUmha 

^^^^^^H 

■          1888 

Brooke,  Edwazxl  Burkill,                                                     ^^H 

Thorpe  Uounty  Almcfudhitry,  fiear  BuMertfiM.           ^H 

^H         1890 

Brooke,  F.  H.,                                                                 ^^H 

Oaklep  Hame^  Edgvrtoi^  lIudiierMfitld                    ^^^| 

1 

BrookBf  Joseph  K,                                                             ^^^f 

TarM  Bridje  Iron  Work»,  Stockton^n-Teet,               ^^H 

H    1877 

Brotherhood,  Peter,                                                               ^^^H 

Bclve*hrf  Boiulf  Laifihtth^  London^  S,E.                   ^^^^U 

■ 

Brown  f  Joseph  C»,                                                                 ^^^^H 

ffazel  Holm,  Cimtor,  vi&  Car^oiik                        ^^^M 

H     1873 

Brown,  Richard,                                                                    ^^^H 

HaijUe^  Lafgit^  N.B.                                                 ^^^H 

»873 

Brown,  Thomaa  Forsterf                                                    ^^^H 

Cardif,                                                                     ^^H 

1886 

Browne,  Frederick  John,                                                      ^^^H 

Tay  Criggan^  Ealing  Dean,  Lojidon^  W.                  ^^^| 

1889 

Browne,  John,                                                                      ^^^H 

FortugaleU,  Spain,                                                  ^^^H 

i88t 

Brownhill,  Wm.                                                                ^^H 

Bentlfff  Grange^  WalmlL                                             ^^^H 

1886 

Brownhill,  John  Justice,                                                     ^^^H 

Green  Lane  Foundry^  WaUalL                                   ^^^^^k 

1883 

Brown-We.sthead^  G.,                                                           ^^^H 

GoMim  Home,  ShelUm^  Sioke-on-TTtnU                  ^^H 

1890 

Bruc«i,  John  Munro,                                                          ^^^H 

7  Australian  Atftnut^  LondoUy  E.C,                         ^^^H 

1890 

Bruce,  William  Duff,                                                           ^^H 

1 7  Victoria  Street,  Westmiiuter,  Londofi^  S,  W,        ^^^M 

1884 

Bnindreth,  Alex.,                                                                    ^^^H 

Rhymney  Iron  W<yrk$^  Eh^mney.                              ^^^M 

1872 

Brunlees,  Sir  James,                                                            ^^^H 

12  Victoria  Street,  WeMtminster,  Lmdon.  S.W         ^^H 

1880 

Brustlein,  li  A.,                                                                 ^^H 

A  aeries  d'Unieujs,  Loire^  France                             ^^^H 

1876 

Buchanan,  A.,                                                                       ^^^Hi 

' 

Handynde  ds  Co.  (Limited),  Dtrbjf,                         ^^^| 

1888 

Buckley,  James,                                                                   ^^^H 

Brpi-y-Caerau,  Llandly,                                          ^^^| 

1887 

Buckley,  Samuel,                                                              ^^^1 

Fern  Bank,  Oldham.                                                  ^^H 

1891 

Budde,  OLto  Karl  Edtitird,                                                    ^^^H 

21  Hochdra$$e,  Esifrn,  Iihetii*f^Pi^ma.                   ^^^H 

1873 

Bull,  James,                                                                          ^^^1 

Kingdand,  NewcaMtU-under-Lyne.                            ^^^H 

1872 

Bullivant^^V.  M.,                                                             ^^H 

72  Mar-Jc  Lam,  London,  KC,                                  ^^^H 

1886 

Bullock,  Cyrus,                                                                  ^^H 

67  ^iw^  Street,  Manchetter.                                      ^^^H 

I 
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if 

Bullock,  Joseph  H., 

Fdsall  Iffm  Works,  WuUidL 

J 

1884 

Bunnmg,  Charles  Z., 

■ 

cjo  Borax  Coi/,,  L*i,^  2  Macri  Kkan^  CimiUantinopU,  Turkey,         ^^ 

1882 

Bnnteti,  James  C, 

Anderstofi  Fouftdr^^  (Jlmgow* 

1 

1883 

Bunting,  C-  V., 

Oldwhed  Sied  IVarks,  Loxitij,  moj*  S}^(ndd 

■ 

1870 

Burden,  James  A., 

2Voy,  Nm  York,  U.S.A. 

H 

f88i 

Bum,  R.  Scott, 

Oak  Lea,  Edgdtij  iioad^  mar  Stockport, 

1 

««73 

Bums-Limlow,  J.  L, 
Whikfiavnt, 

H 

«875 

Bumup,  J.  MorisaD, 

Natkmal  Couitervative  Cluby  Pali  Mali^  London^  S,  W. 

■ 

1883 

Bumyeat,  William, 

MUlgrove,  WhUdiavnt. 

H 

1886 

Burridge,  Stephen,  Jun., 

Parade  Chambent,  High  Siretl,  SfitfiekL 

1 

1881 

Burrows,  Ernest  J., 

Wo^jdlamh^   IVi^auy  Lancoihin. 

1 

1891  * 

Burrows,  Thomas, 

24  Taphm  Vllk,  Sheffidd, 

■ 

1880 

Bush,  George, 

34  CUvdand  Sqtiure,  Hydt  Fark^  London^  W. 

H 

1883 

Bush,  Dudley  J,  C, 

Fort  Housf,  ^i'ouih  M(dton,  North  Devon, 

■ 

1883 

Butler,  B.  F, 

KirkMall  Forge,  Leeds, 

H 

1872 

Butler,  Edmund, 

KirkttaU  Forge,  Leeds. 

H 

1876 

Butler,  Isaac, 

Panteg  liouse^  near  Newport,  Monmmtfktltrr€» 

1 

1891 

Butler,  Joseph  G,,  Juiu, 

Youngsioitm,  Ohh^  U.S. A, 

B 

1889 

Butler,  Theobald  Fitzwalter, 
Barrow-  in-Fa  rn  ess. 

H 

1882 

Butlin,  William, 

DusV*n  Hall,  ntar  NorUmmpion, 

H 

'S«3  i 

Butlin,  Wiliiam  Henry, 

Irthlingborough  Iron  Work»,  Wdiinghorotigk 

■ 

1892 

Butter,  Henry  Joseph, 

Claremmit,  Burrage  Road,  Plnvmtead^  London ^  S,E, 

1 

1889 

Byera,  William  Lumsdon, 

51  Wr«i  Sunnmdt^  Sunderland. 

1 

1888 

Byles,  Arthur  R, 

IlojJtwdl  HoH»r,  Shiplet/,  Yorhhire. 

L 

1 
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Elected 
Member 


1892     Caine,  William  Sprotson,  M.P., 

I  The  Terrace^  Claphum  Common,  London,  S.  W. 
1877      Campbell,  Daniel, 

Uarbridge,  Catford  Hill,  London,  S,E, 
1869    *Carbutt,  Sir  E.  Hamer,  Bart, 

19  Hyde  Park  Gardens,  London,  W, 

1879  !  Carnegie,  A., 

23  Broad  Street,  New  York,  U,S,A, 

1883  Carr,  Edward, 

7  Victoria  Street,  London,  S.  W, 

1 87 1  Carrington,  Arthur, 

Wingerworih  Iron  Works,  Chesterfield, 

1 88 1  Camithers,  Ben., 

Worsbro'  Park,  Barnsiey, 

1880  I  Carson,  W., 

Wallasey,  Birkenhead, 

1888  Carter,  William  Allan, 

5  Sl  Andrew  Sq^iare,  Edinburgh. 
1892  '  Carulla,  F.  J.  R, 

84  Argyll  Ten-ace,  Derby, 

1872  Cassels,  Jno.  R, 

Glasgow  Iron  Works,  Glasgow, 
1877      Casson,  Richard  Smith, 

Round  Oak  Iron  Works,  Brierley  Hill, 
1886      Cawley,  Geoi-ge, 

I  358  Strand,  London,  W.C, 

1 89 1   !  Cayley,  Claude  Thornton, 

54  Old  Broad  Street,  London,  E,C. 

1889  I  Chadwick,  David, 

'  36  Coleman  Street,  London,  E.C, 

1876  I  Chambers,  A  !M., 

Tkonicliffe  Iron  Works^  Sliefield. 
1872  I  Chapman,  Henry, 

69    Victoria,  St.,  Westminster,  S.W.,  and  10  Nne  Lafitte^ 
Paris. 

1882  Chapman,  John  G., 

Tower  Hill,  Middleton-One-Row,  Darlington, 

1884  Charlton,  Hy., 

Gateshead  Iron  Works,  GatesJiead, 

1885  Charlton,  Wra., 

Guisbroiigh,  Yorkshire. 

1877  i  Chatwood,  Samuel, 

I  High  Lawn,  Broad  Oak  Park,  JForsley, 

1872  i  Cheesman,  Wm.  T., 
Hartlepool. 

1890  j  Chernoff,  Dimitris, 

25  Pesotshnaya,  Oulitsa,  St,  Petersburg,  Russia, 
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ll«mb«r                                                                                                                                                                    J 

1885      Cherrie,  J.  M.,                                                                                        ^M 

2 1  Hope  Street,  Glmgow.                                                                 ^H 

1882      Church,  Richard  F.,                                                                                  ^1 

1  Vktoria  Street,  Lofidon,  S.  W.                                                             1 

1888      Clapp,  Gea  H,                                                                                        ^H 

95  Fi0i  Awnue,  PiUsburgh,  U.S.  A                                             ^4 

i8a6 

Claughton,  Gilbert  H.,                                                                                1 

Dtidley.                                                                                          ^J 

1892 

Claje,  Edgar  Ilavelock,                                                                             ^^| 

Dnffield  Road,  De^'by.                                                                         ^H 

1892 

Clayton,  William  Wikcley,                                                                        ^H 

Raihmy  Foundry,  Hamlet,  Leeds,                                                 ^H 

1874 

Cleghorn,  John,                                                                                      ^H 

Union  Bank  Chambers,  Sprinq  Gm^ens,  London,  S.  If.                 ^^| 

1882 

ClemiiisoUf  J  as.,                                                                                           ^^M 

Danhtvood  Homt^  Londmi^  E.C,                                                      ^H 

1888 

Gierke,  Wni.,                                                                                          ^1 

MeE$rs,  Grindlay  ^  Co.^  Parliament  Street^  London,  S.  W*                1 

1869 

*Clil^  Joseph,                                                                                                      1 

Frodin^Itam  Irmi  Works,  near  Doncaster,  Lincoltuhire.                        1 

1890 

cm,  Walter,                                                                                                     1 

Wortley,  Leeds,                                                                                        J 

18S1 

Cliff,  Wm.  D.,                                                                                             ^m 

Wortley,  Leeds.                                                                                   ^H 

i«7S 

Clive,  Robert,                                    ^                                                         ^ 

Clitnway  Collieiy  ami  Iron  Works,  TunstulL  Staffordshire,                 1 

1879      Cochrjine,  Alfred  0.,                                                                                         1 

Coatlifim,  Utdcar,                                                                               ^J 

1869    *Cochrane,  Charles,                                                                                    ^H 

(rr^«fn  Roytie^  Pedmorey  near  StQurbrtdije.                                      ^| 

i»83 

CogHan,  G,                                                                                         ^M 

Hunslet  Forge,  Leed^.                                                                      ^H 

f887 

Goddati,  John  XL,                                                                                      ^H 

Grmmrwr  Home,  Headingleif,  Leeds,                                                ^^M 

1891  1  Cole,  Eugene  ^laurice,                                                                           ^H 

118  IFf^/  4g(h  Street,  A^efv  Yorl\  US. A.                                      ^H 

1883      Collej.  Alfred,                                                                                          H 

44  WeUhvjlon  iioad,  Bihton,                                                              ^H 

1890     Colle}',  Thos.  liairs,                                                                                 ^H 

North  Vim\  Scunthorpe,  \\k  Doncasten                                               1 

1885      CoUonette,  R.,                                                                                                      1 

Bowlhff!  Iron  Coy.^  Bradford,  Torh.                                                  1 

1 870      Colquhoun,  James,                                                                                      ^J 

Tredegar  Iron  Workg,  Tredegar,  MonmoutJishire,                          ^H 

1 88 1      Colqubouii ,  James,                                                                                   ^H 

Stanton  Iron  WcrJcMf  near  Notiinghvm,                                          ^H 

1891      Colquhnun,  William,                                                                                 ^^| 

St.  Marys  Chambers,  Cardiff.                                                        ^H 

M 
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^H          III«M«d                                                                                                                  ^^^1 

^m          Ibnlwl 

^^^^^^H 

■          1877 

Colver,  Robert,                                                                 ^^^| 

ConiinefUal  SUel  Wi^rks,  SkeffiM.                             ^^^1 

H 

Colville,  D.f  Jim.,                                                               ^^^H 

MotherweU,  N.B,                                                         ^^H 

H    1880 

Colville^  John,                                                                    ^^^H 

Motherwell,  NM.                                                        ^^M 

^M     1890 

Commans,  Eobt.  Eddeu,                                                     ^^^H 

52  Gracechurch  Stnei,  London,  E,C,                        ^^^| 

H 

Cook,  Joseph^                                                                          ^^^H 

CodnOT  Park,  Alfreiofu                                                ^^^^B 

■     1879 

Cook,  Joseph,  Jua,                                                                     ^| 

WcuIUnsftoH  f forks,  Wa^n^^m,  R.SM.r  County  DurhJM 

^m       1890 

Cookp  Thomas,                                                                            ■ 

Wa$hford  Road,  Sh^jfiM,                                        ^^B 

H 

Cooper,  Arthur,                                                                       ^^^H 

NoHh-Ea^tem  Steel  Works,  MiddUsbrou^L              ^^^| 

H     1887 

Cooper,  Edward^                                                                   ^^^^| 

17  Burlinq  Slip,  iVsio  York,  U.SA.                        ^^H 

B     1883 

Cooper,  Joseph,                                                                     ^^^H 

West  Yorkshire  Iron  ond  Coat  Company,  Kast  Ardsl^^M 

YorkH,                                                                                  S 

1880 

Cooper,  Leonard,                                                                           ^H 

Park  RoH\  Leedn,                                                           ^^^^^ 

1873 

Copeland,  Charles  J.,                                                             ^^^H 

BarroW'tn-Fumess.                                                       ^^^^1 

1879 

Copestake,  Sampson,                                                         ^^^1 

I  Adelaide  Crescent,  Bi*ighlon.                                ^^^| 

1887 

Copp^e,  Evence,                                                                  ^^^H 

Engineer,  BrunseU                                                       ^^^H 

1879 

Cornish,  Henry  John,                                                          ^^^H 

2  White  Lion  Court,  Cm^nhUl,  London,  B.C.          ^^^M 

1885 

Couper,  James,                                                                  ^^^| 

CraigfoHh,  Stirling,  N.B.                                         ^^^1 

1891 

Coventry,  Ernest,                                                                 ^^^H 

7  Laurence  Pountney  Hill,  London,  E.C                 ^^^| 

1876 

Coventry,  Joseph,                                                                 ^^^H 

34  Linnet  Lone,  Se/ton  Park,  Liver-pool,                  ^^^H 

1878 

Cowan,  Alox,  Bertram,                                                       ^^^| 

Ttidlioe  Iron  Works,  Spennymaor,                             ^^^H 

1883 

Cowan,  David,                                                                    ^^^H 

Carron,  Faikirk,  KB.                                                 ^^^M 

1891 

Cowan,  Capt.  JameB  Henry,  K.E.,                                      ^^^H 

War  Office,  WhitehaU,  London,  S.W.                        ^^H 

1874 

Coward,  Ei^lward,                                                                  ^^^H 

Hmton  Mersey,  Manclu^ter.                                      ^^^H 

1869 

^Cowper,  K  A.,                                                                          ^H 

B 

6  Great  George  Street,  Westmijister,  Lnndon,  8.  W,         ^1 

■ 
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IQteted 

^m 

Member 

^^^M 

1S70 

Cowpeiv  Charles  Edward, 

6  Great  George  Street^  Westminsteff  LondtHi,  ^6*  W, 

H 

1892 

Cradock,  George, 

Wire  Ropeworha^  Wakefield. 

H 

1886 

Craggs,  Henry  FoxtoD, 

HinsVtp  Park,  Middlesex. 

H 

1890 

Craig,  James, 

Deanniotd,  Kilmarnock^  N,B. 

H 

1887 

Craven,  John, 

Othome  Street^  Mandifsier. 

H 

1880 

Craven,  T,  R, 

Craven  Bros.  ^  Co.,  Da^^mll^  Sfieffield^ 

J 

1884 

Craven,  Joseph, 

424  Gtosnop  Itmtdf  S^iejield. 

V 

1883 

Crawford,  Andrew, 

Bedwood  Coal  and  Iron  Wmh^  near  Nottingham, 

1 

1892 

Crawford,  James, 

Mossba^f  Workington, 

J 

^9 

♦Crawfihay,  W.  X, 

Caversham  Park^  Ileadiufj, 

H 

■91 

Crehbin,  Alfred, 

The  Stirling  Coij.,  DenpeTf  Col,  U.S.A. 

^ 

1886 

Cremer,  John  Henry, 

24  Superior  Street,  Cleveland,  0.,  U.S. A, 

J 

1880 

CroasdelJ,  S., 

^^ 

Spriiiij  Bank,  North  Side^  Workingioiu 

1 

1869 

*Crompton,  George, 

Stanton  Iron  Works ^  Nottiffgliam. 

■ 

1877 

Cromptan,  R  K  B,, 

4  Mansion  Home  Build ings,  London,  E.O, 

H 

1883 

Crooke,  Walter, 

Buddon  Villa,  Jlillom,  Outnberland. 

■ 

1880 

Crookston,  A.  W., 

1 9  Wellitigton  Street,  Glasgow. 

H 

1886 

Crosland,  J.  F,  Lovelock, 

67  King  Street,  Manchester. 

H 

1883 

Crossley,  W.  J. 

Glenfidd,  Boicden,  Cheihire. 

J 

1869 

*Crosslcy,  William, 

153  Qnetn  ^Street,  Glasgow. 

^ 

»875 

Cmwtber,  Clement, 

Slour  Vale  Iron  Works,  Aiddej^mifutet*. 

1 

1881 

Crum,  John, 

Workington ,  Cu niberland. 

J 

i88s 

CubiUo,  Major  Leandro, 

Ordnaftce  W&rLi,  TruUa,  Spain, 

^ 

1885 

Cumberland,  Jolm  S., 

George  Yard,  Upper  Thames  Street,  London^  E,0. 

L 

J 
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Elected 
Member 

1869  l*Ciininghame,  John, 

!  12^  St.  Vincent  Street,  Glasgow. 

1876  I  Cuninghame,  J.  C., 

I  Craigends,  Johnstone,  N.B. 

1884      Cuninghame,  Alexander, 

12^  St.  Vincent  Street^  Glasgow, 
1 888  1  Cunningham,  Peter  Nisbet, 

'  Blochaim  Steel  Works,  Glasgow. 


1882     Daelen,  R  M., 

Kur/urstenstrasse,  Diisseldorf,  Germany. 

1869  *Dale,  David, 
West  Lodge,  Darlington. 

1 88 1  Dalgliesh,  Richard, 
The  Limes,  Asfordley,  Melton  Mowbray. 

1886  Dalton,  George, 
Tlie  Yews,  Ileadingley,  Leeds. 

1887  I  Daniel,  Edward  Rice, 

Cicmgelly,  Swansea. 
1889  ,  Danielsson,  Carl  L., 

Bofors  Steel  Works,  Brukdisponent,  Sweden. 

1882  Danks,  Samuel  J., 

Hadley  Park,  near  Wellington,  Salop. 
1891      Darby,  Alfred, 

I  Wrexham. 

1880      Darby,  J.  II., 

Brymho  Iron  Works,  near  Wrexham. 
1 89 1      Darley,  Edward  Charles, 

Middlesbrough,  Keniuck-y,  U.S.A. 
1889      Davenport,  Russell  W., 

South  Bethlehem,  Pa.,  U.S.A. 

1870  Davey,  George  H., 

Baglan,  near  Xeath,  Glamorganshire. 
1880     Davey,  Henry, 

3  Pmnces  Street,  Westminster.  London,  S.  W. 
1884  i  Davie,  Thomas, 

I  Waverley  Iron  and  Steel  Works,  Coatbridge,  N.B. 

1874  ;  Davies,  Geo.  William, 

Hatvbicsh  Cottage,  Stourbridge. 
1889  '  Davies,  Jasper  Gustavus  Silvester, 

;  Messrs.  Bolckoio,  Vanghan  ^  Co.,  Middlesbi^ough. 

1882  I  Davies,  John  B., 

'  Bilbao,  Spain. 
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U%mhmt 

^m 

rS89 

Dalies.  William.                                                                                      ^H 

Atlas  Works,  ShfffiHJ.                                                                     ^1 

1883 

Davies.  WiUiam  H.,                                                                                 ^H 

Glojisychan^  Aberspclutn,  near  Poutt/pool^  Monmouth  slur  f,            ^^M 

187s 

Davis^  Alfred,                                                                                           ^^M 

2  SL  Ermin*s  Mansimis^  Wesimimter^  Londmi,  S.  TT.                    ^H 

1878 

Davis,  E.  Frosser,                                                                                     ^H 

Awstmrt/i  Iron  Worki^  Ilkeston,  near  ^oiUng!tam,                       ^^^| 

1891 

Davis,  JameSy                                                                                             ^^| 

Berkley  Terrace,  Newhunt,  Newcmtle-on^Tynt.                            ^^| 

1890 

Davis^  William,                                                                                        ^^| 

4  Gfoncfster  Placty  Swansea.                                                           ^^| 

1883 

Davy,  Abraliam,                                                                                          ^H 

Tiu  Oaks,  PitsmQor,  SheffidiL                                                         ^H 

1889 

Davy,  Charles,                                                                                          ^H 

Park  Iron  Works,  B^ffi^M,                                                        ^M 

i88j 

Davy,  David,                                                                                         ^H 

Broo7n  Croft,  Parkhead,  Shejield.                                                     ^H 

1885 

Dawson^  Bernard,                                                                                       ^^M 

York  House.  Mtd^em  Litdc^  WorGtsier.                                              V 

1890 

Day,  Richard,                                                                                                 1 

Hall  Croft,  Horhurij,  near  WakefirlL                                                    1 

1887 

Deacoo,  George  Frederick,                                                                       ^J 

Victoria  Mansions^  32  Victoria  Sireet^  London,  S,JV                  ^H 

1887 

Dean,  William,                                                                                         ^^ 

Grtat  Western  Haihvay,  Swindm,                                                         ■ 

"874 

Deby,  Julien,                                                                                            ^J 

31  Bel  size  Avmue^  Humpstead,  London,  NJV,                              ^H 

1891 

Deegtiii,  Thomas,                                                                                           ^^M 

Lewis  Block,  Pittsburgh,  Pa.,  US  A.                                            ^M 

1886 

Dees,  James  Gibson,                                                                                           V 

Flormillt,  Whittltaven,                                                                    ^J 

1885 

*Deighton,  Wm,,                                                                                        ^H 

13  Hyde  Teirace,  Leeds.                                                                     ^H 

1892 

Delano,  Frederic  A.,                                                                                    ^^| 

Burlington  and  Qnincy  Railway,  Chicago^  IlL^  U.S.A.                ^^ 

1879 

Delorme,  L^                                                                                              J 

Socieie  de  Montain  a  Ontrean^  Fas-dt-Calais,  France,                   ^J 

1881 

Denne,  Thos.  M.,                                                                                   ^H 

Dufeiin  Slreety  London,  S.K                                                           ^H 

1892 

Dennis,  Arthur,                                                                                          ^^M 

11  Binder  Sreef,  London,  K.C.                                                      ^^| 

1880 

Dering,  G.  E,                                                                                             ^H 

Lockieys,  Welmyn,  Hert4.                                                                 ^H 

1889 

Devereux,  Walter  B.,                                                                               ^H 

Glemvood  Springs,  Colorado^  U.S.A.                                                ^H 

18S8 

Devonshire,  The  Duke  of,                                                                          ^^| 

DevonMre  House,  London,  W.                                                   ^^M 

^H          Xxri                                  IRON  AND  8TKKL  INSTITUTK.                        ^^H 

^^^H.    Elaetadl                                                                                                                      ^^^| 

^^^B    Itambor 

^^^^^^M 

^^^    1879 

Dick,  a  Alex.,                                                              ^^B 

110  Cannon  Stt^ei,  Londtm^  E,C,                             ^^^H 

■           1884 

Dick,  Frank  AVesley,                                                        ^^^H 

Palmer^ $  Shipbnitdinp  and  Iron  Ccfp*^  Jarrow,            ^H 

H 

DickinBon,  Samuel,                                                           ^^^B 

WoodffrlJ,  Wolverhampion,                                       ^^H 

H     1889 

Dickinson.  Edward,                                                            ^^^H 

Meeritbrook  Bank,  SheJieU.                                     ^^H 

H    1884 

Dickinson,  John,                                                              ^^^H 

^^1 

Park  Hmue^  Sunderland,                                       ^^^H 

H 

DickinBon,  Richard  ElUiu,                                                ^^^| 

Bmcling  Iron  Co  if.,  Bradford^  Yorkthirt,                ^^^H 

H 

Dickson,  John,                                                                   ^^^H 

Glaudale  hvn  ITorb,  Groimont,  YorhMrt*         ^^^H 

■ 

Dixon,  D.  W.,                                                                   ^^M 

Bi*ott^n  Mines,  ScU^urn'bjf-the-Sto,                        ^^^H 

H     1869 

^Dijcon^  Sir  Raylton,                                                        ^^^| 

Cleveland  Shipyard,  Middiednvuffk.                        ^^^H 

^1     1890 

Dixon,  Samuel,                                                                    ^^^| 

^^^v 

Victoria  Irmi  Worh,  Dickinson  Street ^  Saijuid,       ^^^B 

^m       1890 

Dobson,  James  ;Murre}%                                                        ^^^H 

35  Gnat  Gcof^e  Strut,  London,  S,  tFl                    ^^H 

H     1884 

Doddf  BeiiJ«,                                                                         ^^^^1 

Bmrpark  Colliery,  County  Durham.                        ^^^H 

^1 

Dodds,  Matthew  B.,                                                         ^^^| 

8tockt<m-on-T€es.                                                            ^^^H 

H 

Donald,  Wm.  J.  Alex.,                                                    ^^^H 

27  St  Yimmt  Plmt,  Glasgow.                               ^^^| 

^K 

Doi^,  Samuel  Lamm  us,                                                      ^^^H 

Corhfi  Court,  Gracechitrth  Street,  Ltjndon^  KC.           ^H 

H     1874 

Dorman,  A*  J.,                                                                 ^^^H 

MiddleBhrougk                                                               ^^^H 

^H 

Douglas,  C.  P.,                                                                   ^^H 

Farliament  Street^  Cotuett,  Durham,                       ^^^M 

H 

Dove,  George,  Jtm.,                                                          ^^^| 

Hatfiefd  House,  HatfieU,  near  Doneaster.                ^^^M 

H      1869 

♦Downey,  Alfred  C,                                                            ^^H 

Coat/mm  Iron  Works,  Middlesbrough,                       ^^^H 

H    1877 

Downie,  Alexander,                                                             ^^^^H 

The  AsJies,  Stanhope,  Weardafe,                               ^^^H 

H 

Downing,  Samuel,                                                            ^^^| 

Norlands,  Sutton  Road^  Erdington^  Birmingham,  ^^^B 

H 

Dreux,  A.,                                                                           ^^^H 

Acieries  dt  Longwy,  Mont  St,  Martin^  France,       ^^^H 

H     1888 

DronsBeld,  William,                                                           ^^H 

Alexandra  Park,  Oldham,                                           ^^^H 

^L^  1886 

Drown,  Thomas  M.,                                                            ^^^H 

^^^^^1^           ItutUuU  of  Teehndugy,  liotioM,  U.S.A.                  ^^H 
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Fn«et4>d 

^m 

Membet 

^^^H 

1S9O 

Drummond,  S,  R, 

Lumb  Lam  J/i7/x,  Bradford,  Yorkskirt, 

H 

1886 

Dudley,  Charles  B., 

H 

1891 

Duffield,  James, 

Aahjield  Iltmsi^^  Workington. 

I 

1889      Duncan,  Bavid  John  Russell, 

^H 

Kitmuje,  Let'en^  Fifr shire, 

^H 

1891      Duncan,  Hod.  George  A,  P.  H., 

^H 

9  Glo^tciEttr  Stj*eet^  Boston,  Mass.y  U.S^A* 

^H 

1888 

Dunkerley,  C,  Chorltoti, 

^H 

HurU  DaU^  Bowdeti^  OhesfUre, 

^H 

1888 

Dunlop,  Alexander  M., 

^1 

3  Old  Palace  Yard,   Wentmimter  Abbtp,  London, 

H 

1890 

Dunnaehie,  Archibald  Hendry, 

^H 

Gle7iboi{f^  Coadnidgf^  N\B, 

^H 

'875 

Dunnaehie,  James, 

Glmbuig,  Coatbridge,  N.B, 

■ 

1875 

Durfee,  Wm.' F., 

^H 

77  Jewiit  Armm,  West  New  Brif/hlon,  New  Yoi 

it-,  U.S.A.        ^1 

i88t 

Durham,  The  Earl  of, 

Lambtou  Castle^  Fence  H<mB€$^  Co.  DurhwnL 

■ 

1884 

Durieux,  Aime, 

18  Avmue  Maii^non,  Paru. 

1 

1884 

Dyer,  H,  S., 

Condercum  House^  Newautle-on-Tym, 

1 

1885 

Eadon,  Roht.  Rcnton, 

Premdmt  FForJb,  S/ieJfitid, 

5 

1882 

Eagland,  W.  H., 

74  Weilim/ion  Streety  Leeds, 

H 

t886 

Earle,  Wm,  Korcliffe, 

Cumi  Avon,  Port  Talbot,  S.   lVaie». 

1 

1883 

Easton,  Edward, 

Delalmy  Street^  Westmimter,  Lmdon^  S,  W. 

1 

1887 

Kccles,  Herbert, 

Briton  Ferry  Steel  Coy.^  Ld,,  GlamorganMre, 

H 

1880 

Edge,  John  H., 

Coalpori  Works,  Shifiud,  Salop, 

1 

1884 

Edmonds,  R., 

lioi/al  Arsenal,  Woolimch, 

1 

1889 

Edwards,  Daniel, 

Morriston,  R.SM.,  Glanwrganshire* 

1 

'    1889 

Edwards,  Wm,  Henry, 

Morriaton^  R.S.O.,  Glamorgujuduit, 

L 

1 
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Elected  I 
Hembor 

1887      Egleston,  Thomas, 

School  of  MineSf  Columbia  College^  New  York,  U.S.A. 

1880  Ehrhardt,  B., 

Gairudorf  Saxony. 
1883      Ellacott,  Robert  H., 

Engineering  WorkSy  Plymouth. 

1877  Elliot,  Sir  George,  Bart.,  M.P., 

23  Great  George  Street,  London^  S.  W. 
1885  \  Ellis,  Arthur  D., 

Bowling  Iron  Company^  Bradford^  Yorka, 

1889  Ellis,  Arthur*  Stanley, 

Stafford  Street,  Wednesbury. 

1883  Ellis,  K  William, 

Church  Place,  New  Swindon ,  Wilts. 
1875      Ellis,  John  D., 

Atlas  Works,  Slieffield. 

1890  j  Ellis,  Joseph, 

I  Workington  Hematite  Iron  and  Steel  Works,  Workington. 

1884  I  Ellis,  Thomas  Leonard, 

i  North  British  Iron  Works,  Coatbridge,  N.B. 

1879     Ellison,  John, 

'  Rose  Hill,  Harrington,  Cumberland. 

1892      Eisner,  Jules, 

80  Lombard  Street,  London,  E.  C. 

1 89 1  Emory,  Wm.  Hemsley, 

1 1  St.  George's  Place,  London,  S.  W. 
1874      Euchene,  iVlbert, 

8  Boulevard  de  Versailles,  St.  Cloud  (Seine  et  Olse),  Frana 
1882      Evans,  Christmas, 

Heolgerrig,  Mei'lhyr  Tydfil, 
1873      Evans,  David, 

Bolckow,  Vauglian,  ^  Co.,  Middlesbrough. 
1890  j  Evaus,  David, 

Llangennech  Park,  Llanelly. 
1889      Evans,  Evan  D., 

c/o  H.  Borner  ^   Co.,  63   Billiter  Buildings,  Leadenha^ 
Street,  London,  E.G. 

1 88 1  Evans,  J.  Campbell, 

TJie  Ferns,  King's  Road,  Clapham  Park,  London,  S.  W. 

1878  Evans,  Richard, 

I  Consett  Iron  Works,  Cunsett,  Durham. 

1884  '  Evans,  R  K., 

cjo  Commans  <J'  Co.,  Adelaide  Chambers,  52   Gracechun 
Street,  London,  E,C. 
1869    *Evans,  William, 

Nant  Cottage,  Ilkley,  Yorkshire. 

1882  Evans,  William, 

Cyfarthfa,  Merthyr  Tydfil,  Glamorganshire. 


ORDINARY   MRHBRRS. 

XXIX                1 

mmhm 

M 

iSSj 

Evans,  William, 

Th€  Ctif,  Ferryiide,  CarmarthenMhire,' 

1 

1891 

ErsLns,  William, 

Oak  Hotae^  Blaenaimi,  Mon, 

1 

1889 

EvTanJ,  Alfred, 

19  Boniemrd  4e*  HalienB,  Paris* 

1 

1890 

Faber,  Edwartl  Grey,                          # 

3  Harold  Houil,  Upper  Nonfood,  Londm,  S.E. 

1 

1S92 

Fackenthal,  B.  F.,  Jud,, 

Durham  Iron  Work*,  RiegeUvUle,  Pa,,  U.S.A. 

1 

[S69 

♦Farley,  Reuben^ 

Sufnmii  FQumht/,  West  Bromtpieh, 

1 

1869 
1 

♦Famworth,  William, 

Swindon  Iron  WorkSf  Dudley. 

1 

1    1877 

Faustman,  H, 

e/o  L\  Ristori,  9  ficUria  Street,  Lmdon,  &  W, 

1 

i 

Faviell,  F.  H., 

45  and  46  Leadenhali  Street^  London,  EC, 
Fearaehough,  Walter^ 

Garden  Street,  Sheffield, 
Feldtmanti,  Gottlieb  Heinrich, 

St,  Bte$,  Cumba^lanrl, 

1 

t886 

Feldtmann,  Rudolph, 

24  St,  Vincent  Place,  Glasgow, 

1 

1889 

Fellows,  Samuel  James, 

Compton,  Wdvarhampioti, 

H 

189a 

Fincken,  C.  W., 

Hopiand  Colliery,  near  Barmletf, 

H 

1885 

FinlsyeoD,  Finlay, 

Vufmn  Foumlry,  Coathritlge,  N,B, 

J 

1889 

Firbaek,  Joaepli  Tom, 

Rmhmij  Approach,  London  Bridge,  S,E, 

■ 

f88a 

Firth,  Ambrose, 

Newhalt  Iron  Works,  Sheffield. 

1 

i88t 

Firth,  Lewis  J., 

Norfolk  Works,  Sheffield, 

1 

1889 

Firth,  Wm.  F-dgar, 

Midmle  Steel  Coy.,  Niceiown,  Philadelphia,  U.S,A, 

J 

1881 

Fischer,  M.  F., 

IlalUsclieslrasse,  9,  Magdeburg,  Germany. 

1 

1883 

Fisher,  Edward, 

West  Walk,  Leieesier. 

^ 

1870 

Fisher,  E  K, 

^^1 

ma  Cri4(,  }farht  Harhorough, 

^Jl^ 

^^^TXT                                   IRON  AHD  STKK.  INSTITOTR  ^^^^^^^^H 

^^^883 

Fitzsimons,  Edward,                                                            ^^^H 

3  St.  James  Terraet^  Barrott-im-FumeBM,                     ^^^^H 

18S7 

Flagler,  John  H.p                                                                 ^^^H 

104  John  Street,  Sm  Tork^  U,3,A.                           ^^^M 

1881 

Fkther,  Waiiam  T.,                                                            ^^H 

Love  Street  SUel  WorU,  SheJUUL                                ^^H 

1877 

Fletcher,  William,                                                               ^^^H 

Bric/ham  Hitl^  viii  Carlide,                                          ^^^H 

1885 

Fletcher,  Wm.,                                                                     ^^^H 

■ 

Ea^U  Foundfy,  Booth  Street^  ScUford.                      ^^^M 

Flettt  George,                                                                    ^^^1 

10 J  lAodenUU  Sirtd,  Landon,  KC.                       ^^H 

1880 

Forbes-Leith,  A.  J.,                                                           ^^^^H 

46  Wall  StrtH,  Nm  York,  t7^%A,                             ^^H 

1892 

Ford,  Edward  Liviugston,                                                    ^^^H 

Youngttomi,  Ohio,  U,S,A.                                          ^^H 

1872 

For^ter,  W.  R»                                                                 ^^^1 

Skeitp  Fork,  Smmmu                                               ^^H 

1883 

Forster,  G.  Baker»                                                             ^^H 

FartUsy  MUl,  Cortn^idtjf.                                           ^^H 

1879 

Forsyth,  Bobert,                                                                 ^^H 

■ 

1035  Bookefy,  Chica^  U.&A,                                  ^^^H 

■ 

Fossick,  WilHam  G.,                                                           ^^H 

■ 

86  Cannon  Street,  London^  ££.                                ^^^M 

^                    1880 

Foster^  H.  Le  Neve,                                                            ^^^H 

Earl  of  Dudlfi/s   Hound  Oak   h^n  and  Sled   Woi^M 

Brierleu  ^UL                                                      ^mS 

1869 

""Foster,  W.  0.,                                                                   ^^H 

Stourbndtfe  Imn  Work$^  St<mt*hridg€,                        ^^^^| 

1879 

FouMj  Alphonse,                                                               ^^^H 

Fompey,  Meurikett-Mo$eUe,  France,                           ^^^H 

1892 

Fowler,  William  Henry,                                                      ^^^H 

6  Victoria  Approach^  Manchester.                              ^^^H 

1884 

Fowxies,  Hy.,                                                                       ^^^| 

2>fur  Forge  Company,  Omebum^  Jfeufmaie-om-Tpn^^^^^ 

1877 

Fox,  Samson,                                                                       ^^^H 

Leeds  Forge  Company ,  Armley,  Lteds^                       ^^^H 

1892 

Frank,  Julius,                                                                      ^^^| 

Nievertterhutte,  near  Fm9,  Qermany,                         ^^^H 

1886 

Franki,  James  Peter,                                                               ^^^H 

Morts  Dock  and  Emfineering  Co.^  Sydney^  N.S,  W»        ^H 

1888 

Fraaer,  Gi^am,                                                                           ^H 

J^om  Scotia  Steel  Works,  New  Gla^o%^  N^m  SeatitL^^M 

1889 

Freeston,  Thomas  Edgar,                                                     ^^^H 

Atlerclife,  Sftejieid.                                                        ^^^M 

1882      1 

Freir,  William  E.,                                                                ^^H 

m 

42  Cannon  Street,  London,  EX\                                  ^^^H 

OltDINARY   UEBCBERS. 

^am^^^^l 

BMtcd 

^J 

Meaibvr 

^^^H 

1S73 

French,  William, 

59  St.  VincetU  Street  Giasgow. 
Fnsw,  John, 

■ 

1886 

j^^ 

Carron  Iron  Works,  Carron^  N.B. 

^^M 

18S1 

Frey,  C.  A.  von, 

/.  MajdmUiamira$9e  2,  Vientux^  Au$tria. 

H 

1882 

Fromm,  K, 

Memmilianhme,  Regefuherg^  Bavaria, 

1 

1879 

Fry,  John  K, 

Springfield  Iron  IVurh,  Illmois,  U.S. A, 

1 

1869 

Fry,  Theodore,  M,P., 
Darlington, 

1 

1884 

Galbraith,  Wm., 

Wingenmrth  Iron  Works,  ChesUrfiHiK 

1 

1882 

Galloway,  Aithur  Walton, 

KmM  Mill  Iron  Works,  Manthater, 

1 

1870 

Galloway,  Charles  John, 

Knott  Mill  holt  Works,  Manchester. 

fl 

1S85 

Galloway,  Edward  N,, 

Kjiott  Mill  Iron  IVorks^  Manchist*^, 

1 

i«75 

Galloway,  John,  Jun.,  J.T., 

Tltt  Cottage,  Old  Tra/ord,  Mauduster. 

1 

1883 

Galton,  Sir  DoEgla^s  C.B.,  D.C.L.,  KKS,, 

1 2  di^sier  Street,  Grosvenor  Place,  London,  &  W, 

H 

1888 

Gamble,  Joseph, 

Shrffldd, 

H 

1891 

Gamier,  Jules, 

14  Hne  d^  lieriittf  Pari*, 

1 

1884 

Garrett,  Geo., 

WaverUy  Iron  and  Steel  Wofhs,  Coatbridge,  N,B. 

■ 

1889 

Garri&on,  F*  Lynwood, 

1 

South' East  Corner,  4/A  Chestnut  Street ^  Philadelphia, 

U.S.  A.        J 

187s 

Gautier,  Ferdittand, 

156  Boulevard  Maleekerhes,  Paris, 

M 

1888 

Gayiey,  James, 

Edgar-Thomson  Steel  Works,  Pttishitrgh,  U,S.A, 

■ 

1884 

Geen,  Geo,, 

Ivor  Vtila,  Gold  Tops^  Newport,  Monmouthshirf, 

1 

1890 

Geen,  Wm.  Howe, 

Clioemont,  Newport,  Monmouthshire, 

H 

1890 

Geny,  Maurice, 

3 1  Rue  de  Rome,  Paris, 

1 

1890 

Gielgud,  Henry, 

31  Qmen  Victoria  Street,  London,  E.C, 

L 

2 
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Eloctod  ' 
Membei 

1875     GUchrist,  P.  C,  F.RS., 


loi  Palace  Chambtrsy  9  Bridge  Street,  London,  S.W, 
1869   *GUke8,  GUbert, 

Lynnside,  Kendal, 

1 88 1  GiU,  William, 

Orconera  Iron  Company,  Bilbao,  Spain. 

1872  Gillott,  Thomas, 

Butter  ley  Iron  Works,  Alfreton,  Derbyshire, 
1890     Gilmour,  James  Anderson, 

Portland  Colliery,  Kilmarnock,  N,B, 
1869   *Gjer8,  John, 

Ayresome  Iron  Works,  Middlesbrough, 

1882  j  Gjers,  Lawrence  F., 

i  3  Southfield  Villas,  Middlesbrough, 

1886     Gledhill,  John  M., 

j  Sir  Joseph  Whitworth  4"  Co.,  Manchester. 

1890  I  Glenn,  Joseph  Barber, 

7  Poultry,  London,  E,C, 
1885  I  Glover,  Ben  Bradshaw, 

I  Lyme  Grove,  St,  Helens,  Lancashire, 

187 1   I  Goldwyer,  John  E., 

'  Witford  House,  Briton  Ferry,  Glamorganshire, 

1885  Goodchap,  Charles  A., 

109  Jermyn  Street,  London,  S.  W. 

1886  Goransson,  A.  H., 

Sandviken  Steel  Works,  Sweden. 

1887  I  Gordon,  Alex., 

'  Hamilton,  Ohio,  U.S.  A, 

1885  Gordon,  Fred.  W., 

226  Walnut  Street,  Philadelphia,  Pa.,  U.S. A 

1873  Gordon,  Joseph  G., 

I  Queen  Anne^s  Mansions,  London,  S.  W. 

1880     Gdssell,  O.,  Jun., 

no  Cannon  Street,  London,  E.C, 
1878      Gottschalk,  Alexandre, 

13  Rue  Auber,  Paris. 

1887  \  Goulty,  Wallis  Rivers, 

'  Albert  Chambers,  Albert  Squa7e,  Manchestn\ 

1889     Graham,  Alexander  Macdougal, 
20  Dixon  Street,  Glasgow. 

1886  Grant,  T.  Maxwell, 

Windlass  Engine  Works,  100  Hydepark  Street,  Glasgow. 

1 891  Gray,  Mattliew, 

Steel  Works,  West  Hartlepool. 

1892  Greathcad,  John  Henry, 

15  Victoria  Street,  London,  S.  W. 

1888  Green,  Sir  Edward,  Bart, 

Wakefield. 


^                               ohthnart  mrmbkrs. 

XXXIII               1 

Et«ct«d  , 

M 

Membef 

1886 

Green,  Edwanl  Llewellyn, 

Fair^  Land,  Nmtli,  South  WaUi. 

1 

i8«i 

Green,  John, 

Tin  Pi  ate  Works^  Ahercam,  Monmouthshire, 

■ 

1885 

Greenwood,  William  Henry, 

Binnhiffham  Small  Ai'rm  and  Metal  Company,  AdderUp            | 

Park  Wm-ks^  Birmingham, 

1 

1889 

Gregory,  Joseph, 

Whaltetf  Cottage^  Upper  Cf^rlton  Road,  Manchester, 

^ 

1876 

Graiuer,  A., 

J^ciite  John  Cockerell,  Seraiit^,  Belgium. 

H 

1887 

Griffin,  S., 

Cin*dand  House,  Bath, 

H 

1891 

Griffin,  Thomas  Augustus, 

Phmnix  Buildings,  Chuxtgo^  U.SA. 

H 

18S4 

Griffitli,  W,, 
SheJIu'Ul 

H 

1886 

Griffiths,  A^riah, 

Th^  HolUes,  Falkirk,  N,B, 

H 

1893 

Griffiths,  Ernest, 

Griffithstown^  near  NetPpart,  Mmi. 

■ 

1891 

Griffitha,  John  Ri>wland, 

Tintertiy  near  Chepstow, 

1 

1874 

Griffiths,  N.  R., 
Wrexham, 

J 

1890 

Grigg,  Richard, 

7'he  Salt  Union,  Middkshrotigh. 

■ 

1879 

Gruson,  H.^ 

Magdeburg-BuckaUf  Germany, 

H 

*S75  1 

Guest,  Josiah^ 

Victoria  and  Albert  Iron  Foundries^  We^t  Bromwich, 

^ 

1889 

Gubbins,  R  R, 

NoHh  Kent  Iron  Coy.,  Frith,  Kent, 

1 

t888 

Guilleaume,  Theodor, 

Mulheim-oU'tJi^'Bhiue,  Gertnany, 

M 

1882 

Guilleaume,  Emil, 

Mulheim-on-the-Rhine,  Germany, 

^ 

1890 

GuiEeaume,  Max, 

MulheiM ' f> Ji'the-Rh ine,  Germany, 

M 

i«75 

Gunther,  William, 

Central  Engineering  Works^  Oldham, 

1 

1883 

Gutmann,  Max  Ritter  von, 

I  Kantgasne,  6,  Vienna,  Austria. 

■ 

1890 

Guy,  Henry  Augustus, 

1 

* 

Invincible  Steel  Works,  Sheffield. 

9 

1 
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Elected 
Mtfmb«r| 

1878  j  Haarmann,  August, 

j  Omabriick  Iron  and  Steel  Works^  OsnabrUcky  Prussia. 

1887  I  Hackney,  Samuel  John, 

The  Titanic  Steel  Coy.,  Manchester, 
1885      Ha^ifieia,  Kobt.  Abbott, 

Fmrfidil  SJieffield. 
1 89 1      Haedenkamp,  Hermfinn, 

8  Maentrasse,  Essen,  Rhenish  Prussia. 

1884  '  Haggle,  D.  H., 

1889     Haggle^  Peter  Sinclair, 

1878  Hall,  J.  F., 

Norbury,  Pitsmoor,  SJieffield, 
1 89 1      Hall,  John  William, 

Ivy  Il^mtf  Biiston. 

1 888  Hallbaner,  Joseph, 

Ijauchhammer  Iron  Works,  Lauchfiammer,  Germany, 

1879  Hallopeau,  Alfred, 

24  Hu€  de  Lyan^  Paris. 
1873      Halpin,  Druitt, 

9  Victoria  Chambfrs,  Lofidon,  S,  W. 
1 89 1      Hamilton,  Alex.  Thornton, 

'  Etna  Furnace  Coy,,  Georgia,  V,S.A, 

1885  Hamilton,  James, 

Coltiieas  Iron  Works,  Newmnim^,  N.B. 
1881      Hammond,  Robert, 

117  Bishopsgaie  Street  Within ,  London,  E.G. 
1870      Hampton,  Thomas, 

Marf/port  Iron  Works,  Maryport. 
1888      Haniel,  Hugo, 

Ilauiel  ^  Lueg^  Dusseldorf,  Germany. 

1880  Hannay,  G  Kerr, 

Mill  Fori   Uherstm. 
1884      Hansell,  Jumea  Bume, 

Moor  Oat^  Road,  Broomhill,  Sheffield. 

1 886  Hansell,  Richard  Alexander, 

Sheffield. 
1875      Hansell,  R.  B., 

3  Maule  Terrace,  Partick,  Glasgow. 
1869    *Hanson,  William, 

Nmtyport  Iran  Works,  Middlesbrough. 
1884      Harbord,  F.  W., 

Fettnfidds,  Wolverhampton. 
1869    *Hardeman,  Charles  H., 

The  Brampton,  Newcastle-under-Lyne, 
1875      Hardinc:,  Georj:;e, 

Biddidph  Iron  Works,  Stoke-on-Trent, 


^^^^^                                           ORDtNARV    MEMBERS. 

jTxrv       ^1 

ll«et«d| 

^J 

M«niber] 

^^^H 

1S7S  1  Harding,  Joshua, 

^H 

Nortoti  Iron  Worh^  near  Bur^Um^  Stafordshire. 

^H 

l8«3 

Hardisty,  John, 

^H 

75  Grange  Road  ITwf,  Middieihrou^h, 

^H 

iS^     Harley,  Walter, 

^H 

MSmethmck. 

^^1 

1890 

Harmh,  Chas,  J., 

MidmU  Steel  Coy,,  Fhiladtlphia,  U.SM 

H 

1889 

Harri?,  Anthonv, 

Grove  II  in  J  Middlesbrough. 

V 

1888 

Harrison,  George  Herbert, 

Hagley^  near  Stourbridge, 

1 

1S76 

Harrison,  G,  K, 

Haglep^  near  Stourbrldffe, 

J 

1S82 

Harrifion,  Wm.  B., 

Cydops  Iron  Worbi,  WoImhIL 

■ 

1877 

Hart,  John, 

^^fto  Exchange  Buiklings^  Midditibrougk 

H 

1876 

Hartley,  Jno., 

Heehj,  Sheffield. 

H 

1SS4 

Harimud,  John  M., 

1235  North  Front  Street,  Philadelphia,  U.S.A, 

H 

1881 

Hartmann,  Jean, 

Hue  des  TroU  Eois,  Mulkome,  Almce^  Germany* 

^ 

S891 

Hartshorne,  Joseph, 

Pottstmon,  Pol,  U.S. A, 

■ 

1888 

Harvey,  Alfred, 

^^I 

Steel  and  iron  Work%  Manager,  Cwm  Amuy  Port 

Talbot,            1 

Glamorganshire, 

1 

1888 

Harvey,  Charles, 

3  Victima  Street,  Westminster,  S.  W. 

J 

1876 

Harvey,  Wm., 

Thimiee  Park  Villa^  Wishaw,  near  Glasgow. 

H 

1883 

Haswell,  Chas.  J.  F., 

TherestanumgoBHf  10,  Vienna,  Austria. 

1 

1879 

Hatton,  William, 

Hill  Grove^  Kidderminster. 

H 

187s 

Hatton,  Geo,, 

The  Lawn,  Ha^iieg,  Stourbriiige. 

I 

1876 

Hawdon,  William, 

Newport  Iron  Works,  Middlesbrough. 

H 

1882 

Hawksley,  Chaa., 

30  Great  Geor^je  Street,  WestminsUr,  London,  S.  W. 

1 

1^83 

Hawksley,  G.  W, 

Briglitsid"  Engine  Works,  Sheffield. 

J 

1882 

Hawksley,  Thos,,  F.RS., 

30  Grea^  George  Street,  Westminster,  London,  S,  W, 

L 

1 
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^H               llMtod 

^^^H 

^M           Mmmlmr 

^^^^^^^1 

H 

Hay,  Alex.  Marshall,                                                     ^^^1 

35  Jffw  Broad  Street,  L<mdon,  K.C.                        ^^^| 

^m 

Haji  Alexander  S.,                                                             ^^^^| 

A'ettUUofu,  Smtth  UampHead,  London,  N,  W.          ^^^H 

^M 

Hayes,  Edmund,                                                                 ^^^^| 

Union  Briih^e  Company,  Buffalo,  U.S.A,                ^^^H 

^m 

Head,  Archibald  P.,                                                          ^^^1 

Que€n'$  tSquare,  MidtlUjtbrough,                                ^^^^M 

^H 

^Head,  Charles  A,                                                                 ^^H 

TttsdaU  Iron  WorkM^  Storklon-im-Tfes,                       ^^^H 

^m      s8d3 

Head,  R  E.,                                                                             ^H 

24  jittrto/  Road,  Wett  Kennn^ton^  Lomdon,  IT.       ^^^^ 

^H 

*Head,  Jeremiah,                                                                   ^^^H 

Qtieeiin  Square^  Middltshrtmgk*                                   ^^^^B 

^H 

Head,  John,  F.G.a,                                                                   ^H 

1 2  Qaetn  Annes  Oaie,  Westmitislerf  Lonihn^  S,  W.       ^^M 

^H 

Heath,  A.  H..                                                                         ^^B 

Maddrtj  Manor,  NtmOBtlt^  Sk^brdiiUre,                ^^^H 

^B         1^75 

Heath,  Jame^,                                                                       ^^^^H 

Cta*/lon  Hall,  Ntwoasilf^  ^ajfitrdtthirr.                     ^^^^M 

^H         1869 

^Heath,  Uohevt,                                                                      ^^^1 

Biddulph  Iron  WorJcM,  Stoke^on-Trmt                     ^^^M 

^H      1S72 

Heath,  Ho1>ert,  Jun.,                                                           ^^^^H 

Biddulph  Iron  Worh,  SkAe^on-Trmi.                     ^^^| 

^m 

Heathfield,  R,                                                                      ^^H 

Foxlydiute,  near  Reddiick,                                        ^^^H 

^m      tsso 

Hedley»  Kol>t.,                                                                 ^^H 

Tudhot  Iron  Worh,  Spennf^nwor,                            ^^^^M 

^1 

Hedley,  Thomas,                                                                  ^^^^| 

2  Fetiham  Terrace^  Newcoitlt-on-Tym,                     ^^^H 

^V 

Helder,  Aug.,                                                                        ^^^H 

CorkicMff  WhUehamn,  CumberlmuL                          ^^^^| 

H    1878 

Helmholtz,  Otto,                                                                 ^^^1 

RheinviL'lu  StaMwerkf,  hti  BukroH,  Pruuia.            ^^^^M 

^H 

Henderson,  James,                                                                 ^^^H 

Frudingham^  near  Domaiter.                                       ^^^^^ 

^H 

Henderson,  Norman  ^PFarkne,                                          ^^^^1 

Broxburn  Lodge,  Broxburn,                                        ^^^^H 

^^H         iSgo  1 

Henniii,  Alphonae,                                                                     ^H 

Springfield  Iron  Coy.,  SpringfiM^  lUmoiM,  tI,S.A,        ^M 

^M 

Henning,  Gustavus  C,                                                             ^H 

726  Temple  Court,  5  Beckman  Street,  A^em  Vatk,  n&^H 

H    1884 

Heslop,  Christopher,                                                                     ^^| 

Uplmtham  Mines,  UpleaiJiam,  M.S.O.,  YmicMr^,           ^M 

^m       1S92 

Heussey,  Comte  du  Pontaviee  de,                                         ^^^B 

French  Kmbawy,  Albert  Gate,  London,  S,W,              ^^H 

^^         1S69    ^Hewlett,  Alfred,                                                                   ^^H 

^^                J             A7rKrj»r  //a//  Iron  Works,  Wi^an,                            ^^H 

SOEDINAKY    MKMBBRg.  XXXVU 

Hewlett,  W.  R, 

Wi/jan  Coal  and  Iron  Company,  Wii^CMn, 
Heywootl,  Henry, 

Caniif. 
liibljard,  Henry  Deiiuitig, 

Taylor  Iron  and  SUel  Co.t  High  Brid^^  New  Jtnty,  U.S. A . 
Hick,  John,  M.P., 

Mi/Uon  Hail  WhaiU^t  Btaekburn. 
Hickman,  Sir  Alfred, 

22  Palace  Gardetu^  Kensingion,  London^  W, 
Hickman,  A.  W., 

Sprittg  VaU  Fumaceti  WUverftamptau, 
Higgmbotiom,  James, 

Seel  Street^  LipirpooL 
Higsoa,  Jacob, 

68  Nrw  Bridge  Lane,  Stock/Mnt. 
Hill,  Alfred, 

Newport  Wire  Mills^  MiddteitbrouifL 
Hill,  Francis, 

Stocksbridgt,  near  ISheffield, 
Hill,  John, 

Norton^  near  Stockton^n-Te^B. 
Hill,  Josepli, 

White  lloiue^  Ashley ^  near  Marhii*Draytom» 
Hills,  Arnold  F., 

llmmt»  Iron  Works,  Lofuion^  E, 
Hilton,  Franklin, 

Bbbw  Vale  Co,,  Limd.,  Ehhut  VaU,  Mon, 
Hinchliffe,  John, 

BulUtoute  Colliery,  Peimione, 
1885      Hingley,  Ben  jam  in,  M-P,, 

Netherton  h*on  Work4,  Dudley, 
1889      Hingley,  Georgo  Iknjamiji. 

Nttherion  Iron  Worku,  Dudley. 
Hipkins,  WilHurii, 

iStimmerfield,  36  WlietUyi  Hood,  EdifbaMUm. 
Hirst,  Daniel  Jones, 

Blaenavdii  Works,  Blaenamn,  Mtfii. 
Hobson,  Henry, 

The  Hollies,  Norton^  Slockton-on-Tees. 
Hobfion,  J.  F, 

Washiityton,  County  Durliain. 
1884  .  Hodges,  Petronius, 

142  Burngreave  Road^  Sltejield, 
J  878  I  Hodgson,  John, 

North  Terrace,  Darlington, 
J  873      Hodgson,  John  Lee, 

1  Hooley  Range,  Heaion-Moor,  SitK'i^rL 


»«73 
1879 

1891 

1879 
1879 

1883 
1881 
1879 
1890 
1878 
1885 
1886 
1885 
1874 
1885 


1890 
18S6 
1874 
1879 


1          xMviii                     man  and  steel  institutel                   ^^^H 

^H         EUKitA                                                                                                                             ^^^H 

^V          Momher 

^^^^^^^H 

^           1886    1 

HodsoDf  James,                                                                     ^^^^| 

Stoke-iM'TmU,                                                         ^^^H 

1891 

Ho^tot,  F.  K.,                                                                  ^^^1 

208  Wood  Slreei,  Pitisburgli,  Pa.,  U.S.A.                 ^^H 

1887 

Hotgat€,  Tho&  Edwanl,                                                        ^^H 

146  Blackburn  Road^  Dat-weti,                                  ^^^^M 

1874 

HoUand,  C  B.,                                                                 ^^H 

Mbw  Vale  Wfjrh,  XeicfHjrf,  Aiou.                               ^^^M 

1891 

Holland,  Col  Trevenen  James,  C.E,                                  ^^^H 

MoioU  Ephraim  Hotute,  Tunbrid^e  Welh,                  ^^^^M 

1890 

Uolliday,  Henry,                                                                      ^^^^| 

Leeds  SUel  Works,  Leeds,                                          ^^^H 

1891 

Hollingworth»  Edward,                                                       ^^^^^ 

Woods  House^  Dobcrossy  near  Oldham.                      ^^^^| 

1889 

Hollinpirorth,  James,                                                           ^^^^| 

Dobcross^  Oldham,                                                         ^^^^H 

1873 

HolliDgswort}Lf  A.  T.,                                                           ^^^^| 

36  Bedford  Street,  Strand,  London,  W,C.                  ^^^| 

1880 

Hoiiifl,  a  w.,                                             ^^H 

TliiOrnville  Uo%t$e,  Darl%ngt<m.                                     ^^^^| 

1876 

Holt,  Henry  Percy,                                                              ^^^^| 

The  Cedars^  Didsbury^  Manchester,                             ^^^H 

1890 

Holtser,  Louis,                                                                      ^^^^| 

Unieiu:,  Loire,  France,                                                ^^^^M 

1871 

• 

Homer,  Charles  J.,                                                                 ^^^^| 

/ry  Houst'^  Stoke-upon-Trent                                        ^^^^H 

1873 

Hopkinsoji,  John,                                                                       ^^H 

Inglewood,  St  ^fargaret's  Road,  Bowden,  Cheslure,  ^^^B 

1879 

HorsfaUi  G.  H.,  Juti.,                                                            ^^^H 

Larkjhld,  ToxfetA  Park,  Liverpool.                            ^^^H 

1888 

Horsfield,  Arthur,                                                                   ^^^^^^ 

High  Bafd%  Horbury,  near  Wakefield.                      ^^^1 

1891 

HorsEeld,  J.  H.  H.,                                                                ^^H 

5  St.  Andrew  SquarCy  Edinburgh                                ^^^^M 

18S9 

Hor^Beld,  Samuel,                                                                  ^^^^| 

Palmer^  Steel  Depot^  JarrouHm-Tgne^                       ^^^H 

tS88 

Horton,  Enoch,                                                                         ^^^^| 

The  Grange,  Beseot-,  near  WaUalL                             ^^^H 

1885 

Horton,  S.  B.  L,                                                                 ^^H 

Carirev,  Priori  Lee,  SlU/nal.                                         ^^^^H 

1869 

^Horton,  Thomas  K,                                                              ^^^^1 

Penmaewmawr,  North  Wales,                                        ^^^^| 

1885 

Hosking,  Eichard^                                                                  ^^^H 

Claretfce  House^  Dalton-in-Fuiiiess.                              ^^^^M 

'873 

Houghton,  Jolm,                                                                     ^^^^B 

Broom  Cottage,  Appleton  (Cheshire),  n^ar  Warrington^    ^| 

1880 

Honldsworth,  Jas.,                                                                       ^H 

h  . 

36  Quern's  Gaie^  South  Ketisington^  London,  W.              ^H 

ORDINARY  MEMBERS.  XXXIX 

Elacted! 


1891 
1869 


1882      Houlda worth,  W.  J., 

36  Queen' A  GcUCy  SotUh  Kensington,  London,  W. 
Howat,  William^ 

CranstonJitli^  Glasgow, 
*Howsoti,  R, 
^  Es^hattfje  Place,  Middlesbrough. 

1884  '  Hoyle,  James  Rossi ter, 

I  Norfolk  Works,  Sheffield. 

1880  1  Huart,  Baron  F.  d', 

Longwi/^  Moselle,  France. 

1885  I  Hudson,  Wra.  John, 

Woodside  Iron  Works,  Dudley. 

1880  '  Hudspith,  W., 

Maitwhistie,  Noi'thwrnherland. 
1882      Huggett,  J.  A,, 

Wiist  Rocks,  Grand  Parade,  Eastbourne. 
1877  j  Hughes,  Arthur  D., 

cjo  F.  Taylor,  90  Cannon  Street,  London,  B.C. 
1888      Hughes,  John  James, 

cjo  F.  Taylor,  90  Cannon  Street,  London,  E.G. 

1887  I  Hulse,  J.  Whitworth, 

!  Onlmi  Works,  Salford,  Manchester. 

1882      Huke,  Wni,  W., 

Ordml  Works,  Salford,  Manchester. 
1872      Humphry js,  A.  W., 

45  WUlium  Street,  New  York,  U.S.A. 
1890     Hunsiker,  >rilkrd, 

Carnegie,  Pkipps  ^  Co.,  Pittsburgh,  Pa.,  U.S.A. 

1888  ,  Hunt,  Alfred  K, 

95  Fifth  Avenue,  Pittsburgh,  U.S.A. 

1889  '  Hunt,  Charles, 

•     Windsor  Street,  Hirmingham^ 

1890  Hunter,  Wm., 

Peterikill  Road^  Glasgow. 

1 88 1  H  untitigtoti ,  Alfred  Kirby 

Kitiff'i  College,  London,  W.C. 

1882  !  HutchinsoD,  Thomas  C, 

Hilda  Home,  Middlesbrough. 
1889  I  Hotchiiisoii,  William, 

I  Staffordshire  Steel  Company,  Bilston. 

1883  I  Mutton,  A.  W., 

j  Cyclops  Imn  Works,  Walsall. 

1876  ;  Hutton,  Robert, 

BatU  Foundry,  Whitby. 

i 

I 

I 
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Elected  f 
Member 

1875  Iftiison,  James, 

Fairfield  House,  DarlmgUm, 
1869    *Ianson,  J.  C, 

6  Britannia  Terrace,  SaLthum  by  the  Sea. 

1876  Ingham,  William  P., 
Middlesbrough, 

1883     Ingram,  C.  W., 

Falconhyrst,  Fenarth,  Cardiff. 


1890 
1890 
1884 
1881 

1873 
1881 
1869 
1885 
1889 
1889 

1873 
1884 
1883 
1884 
1889 

1889 
1877 
1879 


Jack,  Alex.  G.  M., 

Meadowhead,  Orimesthorpe  Road,  Sheffield. 
Jackman,  Joseph, 

Persherg  Steel  Works,  Sheffield. 
Jacks,  William, 

7  Royal  Bank  Place,  Glasgow. 
Jackson,  John, 

Stuhben  Edge,  Chesterfield. 
Jackson,  W.  F., 

Hemdale  House,  Litton,  vi^  Stockport. 
Jacobi,  Hugo, 

GutehoffnungshiUte,  Westphalia,  Germany. 
*Jaffrey,  G.  W., 

Westland  Terrace,  1 7  Robertson  Street,  Chreenock. 
Jambille,  Louis, 

Maubeuge,  France. 
James,  Charles  Henry, 

8  Courtland  Terrace,  Meithyr  Tydfil. 
James,  Enoch, 

Doiclais  Cardiff  Works,  Cardiff,  Monmouthshire. 
James,  Phineas, 

Abercarn  Estate  Office,  Abercarn,  Newport,  Man, 
James,  John  W.  Hy., 

32  Victoria  Street,  Westminster.  London,  S.W. 
Jamme,  George, 

Dayton,  Tennessee,  U.S.A. 
Jameson,  John, 

Akenside  Hill,  Xeiccaslle-on-Tyne. 
Jamieson,  James  Fleming  Fyfe, 

cjo  Brown,  Fleming  d:  Murray,    163    West   George  Street, 
Glasgow. 
Jaques,  Wm.  Hy., 

Bethlehem  Iron  Company,  South  Bethlehem,  Pa.,  U.S.A. 
Jeans,  J.  S., 

28  Victoria  Street,  London,  S.  W. 
Jefferies,  J.  R., 

Ipsivich. 


ORDINARY   MEMBERS, 


3rli 


Jeffreys,  Edward, 

f/awJcshillf  Cfiapel  AUerton^  Leeds* 
Jenkins,  Alfred, 

Whamdiffe^  Pertarth,  near  Cardifi, 
Jenkins,  A.  T., 

Ma$bvo  Boiler  Works^  Eatherftam. 
Jenkuia,  James  G., 

33  Menfieid  Street^  Glasgow. 
♦Jenkins,  Sir  J.  J., 

Tli€  Gt-oH^e^  Swctnsea, 
♦Jenkins,  William, 

Cotueit  Iron.  Worhs^  Conseti^  County  Durham, 
Jenkins,  Willi  am, 

Dowlam  Iron  Works^  Dowlau, 
Jenks^  Isaac  James, 

Cleveland  Iron  Worh^  Wolverhampton, 
Jenks,  Walter, 

Minerva  Works,  Horuley  Fields^  WohfrhampUm. 
Jennings,  Charles, 

1 7  Croft  Terrace^  JarrottH^n-T^nf^ 
Jennings,  James, 

5  Ilminsler  Gardens^  Lavender   Hilt,   Clapham    Junction, 
Londojt^  S.W. 
Johnson,  Herbert  Alfred, 

Bradford  Iron  Worh^  MantkeHer. 
Jolinson,  J.  Thewlirt, 

Bradford  Iron  Works,  3Ianehester, 
Joluii^on,  Walter, 

Excfiange  Buildings,  Middlesbrough, 
Johnson,  W.  H,, 

26  Le\fer  Street,  MaiichesteK 
Johnston,  James, 

7  Market  Place^  Mmxlesjield. 
Jonai?,  Joseph, 

Continental  Steel  Worka,  iSiteffitid. 
Jones,  Alfred  W., 

Da^kiemd  Mousey  New  Broad  Street,  London^  B,C* 
Jones,  Benjamin, 

Dowlai^  Iron  Works,  Dowlais,  Glmnor^nskire. 
Jones,  Daniel  Robert, 

Dow/ a  is  Iron  Works,  Dowlais,  Glamorgtsnskir^, 
Jones,  Edwin, 

141  Cantmn  Street,  London,  E,C, 
Jonea,  Ephraim  A*, 

Affrion  Rolling  MiUs^  Middlesbroutfh. 
Jones,  Grevilie  Tyndall, 

Clarence  Iron  Works,  Middlt^brough. 
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Elected 
Member 

1890     Jones,  Henry, 

Oakwood  Grange,  Rotherham, 

1890  Jones,  James, 

Brooklaiidsj  Swansea. 
1884     Jones,  James  Cecil, 

Rhymney  Iron  Works,  South  Wales. 
1870     Jones,  John, 

Dowlais  Iron  Works,  Dowlais, 
1 88 1      Jones,  Joseph, 

Corrugated  Iron  Works,  Wolverhampton. 
1 88 1      Jones,  Wm.  E., 

141  Cannon  Street ,  London,  E,C, 
1889     Jopling,  Thomas, 

I  Otis  Iron  aiid  Steel  Coy,,  Cleveland,  Ohio,  U.S.A. 

1889     Jordan,  Albert  Edward, 

Monkbridge  Iron  Works,  Leeds. 
1889     Jordan,  Andrew  Jackson, 

6  Baker's  Hill,  Sheffield. 

1874  Jordan,  Sampson, 

5  Rue  Vi^te,  Quartier  Monceaux,  Paris. 

1875  Jordan,  Thomas, 

Dunkirk  Iron  Work^,  West  BromwicK 

1878  Jouraflfsky,  Demetrius, 

aS'^.  Petersburg,  Russia. 
1 889  \  Jowitt,  Charles  Albert  Renny, 
Scotiu  Woi'ks,  Slieffield. 

1891  Jungermann,  C, 

Vuhan  Shipbuilding  Works,  Stettin,  Germany 

1879  Justice,  Philip  S., 

55  Chancery  Lane,  London,  W.C. 

i 


1888      Kearsley,  George, 

British  Iron  and  Implement  Works,  Rlpon. 
1888  '  Keay,  Ernest  Charles, 

Corporation  Street,  Birmingliam. 

1885  Keen,  Arthur, 

London  Works,  Smethidck,  near  Birmingham. 
1888      Keighley,  George, 

Bankhouse  Iron  Works,  Burnley. 
1874      Kellett,  William, 

24  King  Street,  Wigan. 

1886  Kendall,  J.  Dixon, 

Roper  Street,  Whitehaven. 
1884      Kennard,  H.  J., 

20  Ilyde  Park  Tein-ace,  London,  W. 


■ 

^^^^H^poKBmARY  ymsm!^^^^^^^^^^ 

ri^^^ 

w 

Kenaedy,  Professor  A.,  F.R.S.,                       ^^^^ 

1 

19  LUile  Queen  Street^  London^  S.W, 

1888 

Kennedy,  Myles, 

Bill  Fort,  Ultferston, 

1 

1890 

Kennedy,  Wm., 

28  lioyal  Exchange  Square ,  Glasgow, 

1 

1881 

KeDrick,  Geo.  H., 

WheUtone^  SomerMet  Road^  Edghatton^  Binningfiam, 

I 

1883 

Kerpely,  A.  Ritter  von, 

Biida-Ptsik^  Hungary^ 

I 

1886 

Kerr,  Andrew, 

Ardeer,  N,B. 

I 

1891 

Kerr,  John, 

1 01  Ltadenha.ll  Street,  London^  E.C. 

I 

1884 

Kidner»  John, 

Idip  ffou^fif  Thrapdon. 

1 

1884 

King,  John  William, 

Sheffield  iSted  and  Iron  Works,  Shffield, 

I 

I89I 

Kirchhoff,  CharlcB, 

96  to  102  Reade  Street,  New  York,  U,S,A, 

1 

1869 

*Kirk,  Henry, 

■ 

Workington, 

1874 

Kirk,  Peter, 

Moubag  Iron  Work^f,  Workington , 

I 

1869 

♦Kirkconel,  John  F., 

Furriace  Uoiife,  Cleator  Moor,  vi4  Carnforth,  Cumberland.         ^H 

1888 

Kirkhouse,  Edwanl  H  ad  win, 

Comett  Iron  Worh^  BiackhUt^  Countg  Durham, 

■ 

1883 

KitehiDg,  A.  E., 

A0oft  Firs,  Great  Ayton,  R.SM.^  Yorkshire. 

J 

1881 

K itching,  Joho, 

Brankiome  Hail,  DarUngt^jn. 

B 

IS89 

Kitson,  Albert  Ernest, 

Monkhridge  Iron  Works,  Leeds. 

1 

1885 

Kitson,  Fredk.  James, 

Monkhridge  Iron  Works^  Leeds. 

1 

1869 

♦Kit^on,  Sir  James,  liart.,  M.P., 

Monkhridge  Iron  Works^  Leeds. 

I 

1879 

Koch,  Charles, 

St,  Chamoud,  Loire^  France, 

1 

1878 

Koch,  Walter  E., 

^H 

^ 

Spang  Iron  atui  Steel  Ca,^  Sfiai-psburg^  /*a.,  U,S,A. 

^1 

1888 

Koch,  Francis, 

19  Gr^  Koniouschennaia,  St,  Petersburg,  Russia, 

H 

1884 

Koehler,  Henry, 

Bochnm^   Westphalia,  Germany, 

1 

187s 

KolokoltzoflF,  Rcar-Admiral, 

OboukoffSUd  Works,  St.  Petersburg,  Russia. 

L 

1 
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Korb,  Fridolin, 

BohUr  Broi,  ^  Ca,  Styt^n  Sled  Works,  S/^efield. 
Krautner,  Adolf, 

Kriete,  Henry  C, 

17  Mttropolitan  Bloel\  Chicago,  U.i^.A. 
Kiupp,  F.  A», 

Efmn^  Ehenuh  Prussia. 
Kupel wiener,  PauL 

WitkowUz,  AuUria. 


Loingi  James, 

Sundtrland. 

Lambe,  George  Craig, 

Craig  Bank^  Workitigton^  Cnml/t^rlanJ, 
Lancaster,  J  no,, 

A  njidd  Houit,  Lcamingtvn. 
Lanca^ter^  Josliua, 

T(d!adfija  Iron  and  St^d  Compmiy^  Alabama^  U.S. A, 
Landale,  Andrew, 

Cnrntfif  Park  Place ,  Dunfermline, 
1 88 1      Langdon,  Wm., 

Hndva^  Sjxiitu 
1890  I  Lash,  Horace  W., 

PkUburgk  U.S.A. 
Latinis,  Victor, 

Charleroi^  MarcineUe,  Bthjianu 
Lauder,  George, 

Edgar-Thomson  Steel  Works,  FiiUbitrgky  U.S.A. 
Laweon,  Ai-thur  T., 

Hope  Poumlri/f  Leeds, 
*Laybouriie,  Richani, 

laca  Fouudrg,  Newport%  Jfonmoutltshin. 
1887      Ledingham,  L  Napier, 

JFaliace  Works,  ShfjJUid. 
Le«,  Arthur, 

Bessemer  Road^  AUerdife^  SItefidd. 
Lee,  Henry, 

SedgUy  Park^  Presfmich^  Laneashue, 
1887  I  Leea,  John  Bay  ley, 

OakktndSy  Church  Lane^  Mandsworih. 
1889      Lees,  Samuel, 

Parkhridgfj  Aaldon-uiider-Lgne. 
U879      Leigh,  Joseph, 

Tabley  Ho^use,  KnuUjard, 


^^^^^                                       ORBINARY   MEMBER!^, 

xlv             1 

Leishinan,  Jolm  G.  A., 

■ 

Lewi*  Block,  Fitubur^h,  UM.A, 

^H 

tSSl 

Leimard^  J»  Jlilner, 

Middltsbro  itgh-on  -  Teti. 

■ 

1S78 

Lester,  Jobn  Nicholls, 

Bradford  Iron  Works,  WahalL 

■ 

1887 

Lever,  Ellis, 

Tan-^-Bryji,  Colwyn  Bay,  N,  WaUf, 

1 

1870 

Leveson-Gower,  Hon,  K  F,,  M.P., 

14  South  Audley  Street,  London,  W. 

H 

1870 

Levick,  Frederick, 

^H 

Comhiil  CfiamberSy  White  Lion  Cmiri,  Comhili,  London 

■ 

1881 

Lewis^  Henry, 

Kingihurst,  Smidwell,  l/amigworth^  Birmmgfyam* 

■ 

189I 

Lewis,  Herbert  Clark, 

A  berdare,  Mon  mout  f is f tire. 

■ 

1S69 

*LewiSt  Henry  Watkin, 

Llwyn'^r-eaiy  Abercanaid,  near  Merthjfr  Tydfii, 

1 

1891 

Lewis,  James  F., 

21  Park  Place,  Wew  TorL  U.S.A. 

1 

1883     Lewis,  William  B., 

^H 

S  Victoria  Chamhej^s,  We^tminHtT,  London,  S.  W. 

^H 

i^i 

Lewis,  Sir  William  Thomas, 
Mardy,  Aberdare. 

H 

i88« 

Liddeu,  a  a, 

Morseby  Halt,  Whitfliaven. 

1 

rSBg 

Liddelow,  Charles, 

1 2  Victoria  Street,  WeMmingter,  Londim,  S,  W. 

H 

1888 

Lindberg,  Carl  Cson, 
La£d,  Sweden. 

H 

i»T4 

Lindheini,  W.  von. 

Lmjeek,  3,  Vitfina, 

1 

1*74 

LindoWj  Jonas, 

Eheti  Hall,  near  Cam  forth. 

H 

s88i 

Lindsay,  Thos.  S., 

51  Poidtry,  London,  E.C. 

■ 

1885 

Unnell,  Arthur, 

'  ^H 

The  New  Cramley  Iron  and  Steel  Company,  Ld.,  Kettering,         ^^ 

1882 

Lithmaii,  Joa  E., 

14  Fenchurch  Street^  London,  E.C. 

J 

1881 

Little,  George, 

Mesm.  Piatt  Brothers,  Oldham. 

I 

1880     Livesey,  James^ 

■ 

Broad  Street  Apenne,  BlomJUld  Street,  London,  KC. 

■ 

1880 

Ljnngljerg,  E.  J., 

Falun,  Sufeden. 

■ 

1876 

Llewelyn,  F.  W., 

Shelton  Bar  Iron  Works,  Stoke-on-Trent 

! 

^H          Xlri                                    IBOM  AND  STEEL  INSTITUTE.                               ^H 

^H             ElMtMl                                                                                                                                                       ^1 

^^^H             Member 

^^^H 

^H 

^Llojd,  Francis  H.,                                                                     ^H 

^iave  tf f//,  Lichfield,  •                                                     ^H 

^H      1869 

^Lloyd,  Samuel,                                                                         ^H 

T/w^  Fiinrij  JSparkbrookf  Birmingham,                             ^H 

^H      1880 

Doyd,  W.  E.,                                                                           H 

303  Ichtfilii  Port  Bead,  Birmin<fkam,                            ^H 

^H 

Lloyd»  William  Heiiry,                                                              ^H 

Halt  Grteti,,  Wedn^nbury.                                                   ^^| 

^H 

♦Lloyd,  Wilson,                                                                       ^1 

Mywood  House,  ff^editesburp,                                           ^H 

^H     '891 

Lodge,  Joseph,                                                                       ^H 

£ov<A  PiUiburgh,  TenntMsee,  U.SA,                               ^M 

^B 

Lones,  Edward,                                                                        ^^ 

Iron  and  Tin-plate  Workst  Lydney,  GloueestrrxfdrfS.            1 

^m 

Lones,  Jabez,                                                                            ^J^ 

Lansdomie,  Soufh  liomi,  Smethttfick.                              ^H 

^M 

Long,  A.  de  Lande,                                                                 ^H 

Stocktoii'OH'Tees,                                                                  ^^M 

^H 

Longridge,  R  B.,                                                                   ^H 

Few?  7Vw  House^  TahU^,  near  KntUsforcL                       ^H 

^1 

Longridge,  R.  C,                                                                     ^H 

Kihrie,  KnuUford.                                                              ^H 

^H 

*Loogsdoa,  Alfred,                                                                      ^H 

75  Old  Broad  Street,  Loudon,  E,C\                                 ^H 

^^B          1890 

Loomis,  Burdett,                                                                       ^^| 

Hartford,  Conn.,  U.S.A.                                                    ^H 

^H 

Lope^,  George,                                                                             ^H 

Un^inter'g  Office,  L»,  A,  ami  jS»  f^.  /I'l/.,  London  Brid^,lS!m^ 

^B     1881 

Louis,  Henry,                                                                                      I 

9  B' Almeida  Street,  Singapore.                                              1 

^H      1874 

Lowe,  John  E.,                                                                          ^J 

2  Lawrmice  Pountney  Bill,  London,  E.C*                      ^^H 

^1 

Lowood,  John  Grayson,                                                             ^^H 

Gmii&ter  Work^,  Sheffield.                                                  ^H 

^H 

Lucas,  Richard  Korman,                                                          ^^k 

8  Featlitr^tone  Buildings,  High  ffolborn^  London^  W.C. 

^H     1876 

Lueg,  Carl, 

GiltehoffnmigshiUte,  Oherhamen,  IFestphalia,  Germany. 

^M 

Lueg,  C.  lU                                                                           ^m 

DiUseldorf,  Germany,                                                     ^H 

^H      1876 

Liiiiuanii,  Fritz  W.,                                                                    ^H 

Osnabnkk,  Gerjiiany.                                                           ^^^ 

^M 

Lyon,  Alfred  C,                                                                      ^H 

Albrtffhton  Hall,  Wolve?-hamp(on,                                   ^H 

^M 

Lysaght,  Wm.  Roysn,                                                               ^H 

*9fm«  Garden  Iron  Works,  Wolverhampton.                  ^H 

Mftcfarlajie,  WalteTj 

Gamof*hM€f  Gtengat^nock,  nmr  Glasgow, 
Macalpine,  G.  W,, 

Park»ide^  AcermgUm, 
Macarthj»  G.  E., 

A/Jifidd  HmtM€^  Newtmlle^nrTym, 
ilacco,  H., 

SUgeny  Germany, 
MacdoEald,  KenneUi, 

Rost^  Hill,   WhileJiaven. 
Maclamn,  Rowland, 

BaJIn  Tin  Plate  Worh,  OUjJp,  LlnHrlf^. 
Maclaren,  John  Finiay, 

Ki^lintOH  Fonntlrt/,  Glattgftw, 
Maclaren,  Robert,  Jan., 

Eglinton  Foundry,  Glasgow. 
Maclean,  Andrew  H,, 

8  Iluf^hendeu  Te  trace ,  Kth^inJhdey  Gian^oiv. 
MacLellan,  Geor^'e  S.^ 

Clulha  Itqu  Works,  Glasgow, 
MacLellan,  Wm.  Turner, 

Cluihn  Iron  Woj'ks^  Glasgow, 
Macletinan,  Josepli, 

Bilbao  J  Sfxiin. 
Macpherson,  George, 

Wednnhury  Oal  Irm*   Worh,  Tipton. 
Macnee,  Daniel, 

2  Westminster  Chambers,  Landmi,  S.  W, 
Mageiy,  Jules, 

Jioth^  Erde,  Aix-la-ChaptlU. 
Magery,  Maurice, 

Rnthe  Erde,  Aixda-Ohapellt, 
Mftbon,  Capi  Reginald  Henry, 

Campore,  Calcutta. 
Main,  Robert, 

Ardeer  Iron  Work*,  Steven^ton,  Ayrshire, 
Malcolm,  Samuel, 

8  Portland  Terrace,  Ntt^catHe-on-Tyne, 
Malo,  Alberto, 

Gmtujitato,  Mexico. 
Mallabaudt  John, 

Woodleigh,  Broomgrove  Road,  Sheffield, 
M*Anally,  Peter, 

Midvale  Sieel  Coy.,  Philadelphia^  U,8,A. 
Mannaberg,  Max, 

Frodinghnm  Iron  Works,  near  Doncaster, 
Markliani,  Clias,  Paxton, 

Broad  Oaks  Iron  Works,  Chestrrfield, 


^m 

IRON  AND   STEEL   INSTITUTE.                                   ^H 

^^m       Kioct«d 

^H 

^^H             Member 

^^^^M 

^M       18S5 

M»rley,  J.  E.,                                                                              ^^M 

^^K 

IIef)bum-<mrT^e.                                                             ^^M 

^H     1S79 

MaToquin,  A.,                                                                            ^H 

Couilkl^  fiear  Charleroi^  Belgittm^                                    ^^| 

^B 

Mai^den^  Benjn.,                                                                         ^^| 

^^H 

i^o^i  «?((/  ^'tU  Works,  London  Road,  Manelitster,            ^H 

^B 

Mai^b,  T.  E.  I^L,                                                                       ^H 

Enqiuftr*§  Office,  Hawthorn  Houm,  Baik^                         ^^M 

^B         iSSi 

Marsli,  W.  Suiclilfe,                                                                ^M 

^^H 

190  jS'«.  i/e/e»^  /?oatf,  Smmiea^  Glamor^an«liire,           ^H 

^H 

Marshall,  Davi<l,                                                                        ^^M 

^^H 

Glasffow  Tube  Works,  Glasgow.                                         ^^| 

^H     1889 

Marshall,  Francis  Carr,                                                               ^^ 

^^H 

Mfsm^s.  Ilawtkorn^  Leslie,  S  Co.,  NevMxtstle-OH'Tvttf,            J 

^H     1880 

Marshall,  R  11.,                                                                           ^M 

^^H 

Ormej<bf/  Iron  Works^  Middttihro/ugk                                 ^^| 

^H     1890 

Marston,  Charles,                                                                          ^^| 

^^H 

r/ir  Oaks,  Wolwrliampton.                                               ^H 

^B 

Mai^ton,  8,,                                                                               ^^| 

North^East€rn  Steel  Works,  MiddUshrou^                     ^H 

^H 

Mart^lei,  M.,                                                                               ^H 

^^H 

56  Rue  de  Provence,  Paris.                                                ^^| 

^H     1S79 

Martell,  B.,                                                                                ^M 

2  WhiU  Lum  Couti,  CorMll,  Lofuion,  E.C.                   ^H 

^H     1882 

Marten,  Edward  B.,                                                                    ^^| 

^^1 

Stourbriilgt.                                                                        ^^| 

^H 

*Marten,  Henry  John,                                                                    ^H 

^^1 

The  Birches,  Codstdi,  near  Wolvfrhamplm,                      ^H 

^H 

Martin,  Edwainl  P.,                                                                       ^^M 

^^H 

Doidais,  Glamorgamhite,                                                 ^^| 

^l 

Martin,  R,                                                                                ^^| 

^^H 

Drumman  Isaf,  Lhimamlet,  Swansea,                             ^^M 

^H 

Marvel,  William  D.,                                                                  ^H 

^^H 

68  Will  mm  Street,  New  York,  U.SA,                              ^H 

^^1       189T 

Masco,  Jatnes  Francis,                                                                 ^^M 

^^1 

Eymham  HaUy  Witney,  OxmK                                          ^^M 

^m     187S 

Massenet,  Joseph,                                                                            ^^M 

^^H 

19  Parkfitrasse,  Wtesbadeti^  Germamf,                             ^H 

^H 

Massey,  W.  H.,                                                                         ^H 

^^H 

Twpford,  Bei^ks,                                                                  ^H 

^H     1892 

Mather,  Andrew  John,                                                                 ^^M 

^^H 

BoiUfKf  Hall,  Bradford,  Yf>rk$.                                        ^H 

^1 

Mather,  William,                                                                         ^H 

^^B 

Salford  Iron  Works,  Manchest^,                                        ^^| 

^^L 

Matheson,  Ewing,                                                                       ^^| 

^^^^^. 

Fnrnlei/  Iron  Works,  near  Leeds*                                      ^^M 

^^^K886 

Mathieson,  Thomas  A.,                                                                ^^M 

East  Campbell  Street,  Glasgow.                                        ^H 

^^^^^^Kj^m                 ORDINARY 

xiix            J 

FJ«cted 

m 

Member 

tSSs 

Mathien,  Jean  A,, 

51  Jloffat  Block,  Del)vit,  Michigan,  U.S. A, 

■ 

iSSS 

Jlatthews,  John, 

It  di  W.  ilawthorti^  Lfdte  d:  Co,,  Forth  Banks^  Nemasile'            1 

on-Tfine. 

^H 

IS74 

Huw,  William  Heiir}% 

36  B€df<^d  Streft,  Strand,  London,  W.C. 

H 

tSSi 

Maybery^  Joseph, 

OUeastle  Tin  Plate'  Worh,  Handle/, 

H 

isaa 

Maybury,  E^iward, 

Ferseveranct  Iron  Wm'ks^  Pendleton,  Mancheater* 

H 

1887 

Mayer,  Ernest, 

66  Boulevard  MaUsherbeSf  Pari^. 

fl 

1874 

Mayiiard,  George  W,, 

31  Krusau  Street,  Nem  York,  U.S.A. 

H 

1869 

♦Maynard,  H,  K., 

7  Westminster  Chamhers^  Loiidoiif  S.  W* 

H 

1890 

McClure,  Samuel, 

Skaron,  Penn.,  U.S,A. 

■ 

1884 

McCorkindale,  Dr.  I).» 

CiijdeMale  Iron  and  Sieei  Works,  Mossend,  GloJffow. 

1 

18S4 

Mc  Co  Aran,  Wni*, 

Roseneatk^  Wkiifhaven, 

H 

1890 

McCullum,  John, 

Froditif/fkam,  Doncaster. 

H 

18S6 

McDonald,  Wm,, 

Carft/le  Villa,  Carlple  Road,  Manor  Park,  Euex. 

H 

X883 

McDonnell,  Alexander, 

The  Cedars,  Nonfood  Green,  Southall,  - 

1 

1891 

McKillop,  John, 

Puio  Bimii,  Singapore,  Straits  Setilemenls, 

H 

1891 

McKnight,  Wbartoo, 

^^B 

A}(chor    Foiuvhy   and  MarJiine   Work^,    Pittshurgh^ 

Pa.,            ] 

U.S.A. 

1893 

McLachlaii,  Thomaa, 

45  Lindfu  Giirdem,  Baysumte^-^  Lofulon^  W. 

■ 

1889 

McMurtry,  George  Gibson, 

Apolio  Iron  and  St^el  Company,  Pittsburgh,  U.S. A, 

H 

HB91 

McNeil,  Chas.,  Jun., 

270  West  Scotland  Street,  Glasgow. 

H 

I  ^872 

M*Clelland,  Andrew  S., 

1 1 5  St.  Vinf^ent  Street,  Glasgow. 

1 

L||o 

M 'Conway,  William, 

48/A  Street,  A.V.H,H.,  PUUbmyh,  U.S.A. 

1 

mkq 

M'Creath,  Andrew  S., 

Sidne^^  Coal  Company,  Harri4hurgt  Pa.,  US,A^ 

J 

L 

M^Creath,  James, 

208  St.  VincetU  Street,  Glasgm. 

d 

L 

1 
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^ 

Eleu-tcMj  1 

^H 

Member 

^^^^H 

1888    1 

M^Gowan,  Win,, 

Wh  UehaveHj  Cumber  la  mL 

H 

1880 

McUing,  Samuel, 

Ince  Fafye,  WiffOiu 

H 

1886 

Melling,  Thomas, 

Ince  Forge,  Wifjan, 

H 

i88j 

l^Ielnhof,  Baron  F,  Mayr  von, 

H 

1890 

Merritt»  Ltiuis  Gillnfri, 

Lockpori,  New  York,  U.S.A. 

H 

1878 

Merritt,  W.  H,, 

34  *SV,  George  Street^  TorQuto^  Catioila, 

H 

1891 

Middleton,  Thomas  Biscoe, 

1 

Bengal    Iron,    and    Steel   Company^    Limited^ 

Bur  rah  UT^  1 

India. 

1 

1886 

Miller,  J.  Ritchie, 

2  SoTfifrnet  Place,  Glasgow. 

^ 

1886 

Miller,  Thoraas, 

London  Hood  Foundry,  Edinhurgk 

H 

1882 

Miller,  John  F., 

Vukan  Foundry,  Coatbridge,  N.B. 

H 

f889 

Mill  ward  ^  Creorgn  Anllionj, 

41  Ohmrk  II ill ^  Wechiesbury, 

H 

1875 

MUner,  Walter, 

Whitecro^g  Wire  Works,  Warrington, 

H 

1891 

Milton,  James  Taylor, 

2  White  Lion  Courl,  CortihiU,  Loniion,  E,C, 

H 

1890 

Mischke,  Carl, 

Weitburg,  Pf*u8sia, 

H 

1870 

Mitchell,  Charles, 

EUwkk  Worh,  NewmUle-on-Tpne, 

H 

^H     1^91 

Mitchell,  Joseph, 

Mining  Office*^  Barttdey, 

H 

^^M 

MitcheU,  Joseph, 

Sydneif,  New  South  Wales, 

H 

^H 

Molineaux,  William, 

CappmiJfAd  Iron  Worlis,  Bilston. 

H 

^H 

Monks,  Frederick, 

Walton  Old  Halt,  near  Warrington, 

H 

^H 

Moon,  Richard,  Jim*, 

Pengvad,  Zl^ngmgnechj  near  Oswestrp. 

H 

^H     1881 

Moore,  Alfred, 

Fitzrog  WorkM,  Emton  Road,  London,  N.  W. 

H 

^B 

Moore,  Arthur  C,» 

^^ 

Fred.  Brahg  4*  Co.,  Ltd,,  OalvaniMd  Iron  Works 

,  nept/4f9^m 

SK 

m 

^^^^^■882 

Moore,  William, 

1 

Spring  Vale  Furnaces^  Eiiingskall^  ttear  WoiMrh 

ampion.     ■ 

^^^^^                                      OEOrNAKY   MEMBERS.                                                  1! 

■ 

Eleciod 

^J 

11  ember 

^^^H 

1875 

Morel,  Ernest, 

Tiikid  Rolling  Mills,  Mauheuge,  Fmnce. 

■ 

1880 

Wnrcester,  Mass.,  U.S.  A, 

■ 

188a 

Morgan,  Thomas  It» 

Alliance,  Okio^  U.S.A. 

H 

1888 

Morgan,  JSeptinius  Yau^^han, 

42  Camion  tStreet^  Loiidoitf  E,C. 

H 

1881 

Moms,  Claude  John, 

Eiige.  Minmi^  A  lirmchavu 

1 

1883 

Morris,  Wm.  H., 

400  Clmtnut  Sheet,  PhUmldphia,  U.SA. 

H 

1^73 

Morton,  E.  IL  {rare  of  P,  F.  MftrUm\ 

Hook  Houses  near  Winckjidd^  Hants. 

1 

1879 

Morton^  James, 

Mati<yr  Park,  BlairhiU,  Goulb^rulge,  K.R 

H 

1889 

M08C8,  Edmnntl  Bamiord, 

Cimn  Airou^  Glamorgatukire. 

■ 

1875 

Mosley,  Col  Paget, 

27  St.  Jame^  Square,  Londoit,  S.  W^. 

H 

1882 

Mot  tra  n  1 ,  R  i  c  hard, 

Knott.  Mill  Iron  Works,  Mandiesier* 

H 

1886 

MnJd,  Thomas, 
HartkpooL 

^ 

1890 

Muir,  Alfred, 

Slier^joume  Street^  Mandi€Miet\ 

1 

1883 

Muirhead,  Wm,, 

The  Lanarkdiire  Steel  Companff,  Limiied,  Mother  well,  A\B. 

J 

18S1 

MiilJer,  R  W.  Maxwell, 

Searboro  ami  Whithj  RaUway,  ScarhorougL 

H 

1889 

Midler,  Thomas  Ned, 

Meurs.  Muller  4  Oo.,  Exchattge  Build tngs^  MiddkabrougK 

J 

1890 

Mungall,  James, 

Fo<l  Bank,  Diui/emdiiie,  N.B. 

■ 

1885 

Murisier,  Oscar, 

Aeitries  d'Alexandrowtkt/^  SL  PeUr»burg. 

H 

1890 

Musgrave,  Walter  M., 
Bolton. 

H 

1888 

Myers,  W.  Be^nwick, 

1 4  Victoria  Street^  London,  S.  W. 

1 

1884 

Nash,  H.  Y.  B., 

c/o  T.  B.  OoddingtoT^d:  €0,,  27  Cliff  Street,  New  York,  U.S.A. 

! 
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^^B            Elected 

^H 

^^m            Member 

^^^H 

^H 

Kaylor,  John  William^                                                              ^^H 

WfUiugion  Found r if,  Leedt*                                                 ^^H 

^^H        tSgo 

Needham,  Christoplier  Thomaa,                                                 ^^M 

13  Cannon  Street^  Mmiditgttr,                                          ^^H 

^H        i88S 

Needliatn,  John,                                                                             ^^H 

^^^^H    4 

13  C^annon  Street,  Manch^Mer.                                        ^^H 

^H     1890 

NeecDinrn,  Josepb/                                                                         ^^| 

/ftrA-^-r'^  //lY/,  Sheffield,                                                            ^H 

^H     1869 

^Neesham,  George,                                                                      ^H 

Middle&hrougk                                                                   ^^H 

^H 

Keilson,  George,                                                                        ^^H 

SummerUe  Iron  Works,  CoatOrid^e^  N,B,                        ^^| 

^H 

Neilson.  James,                                                                           ^^H 

M^ssend  Works,  ffol^town  SUttion^  N,B.                           ^^| 

^H     1869 

*Neibon,  John,                                                                                  ^^M 

Summerlee,  Coatbridge,  i\"  B.                                             ^^H 

^H- 

Neikon,  Walter,                                                                          ^^H 

Cit/d€  Bridge  Steel  Coy,,  CambmUifig,  N,B.                   ^H 

^H 

Nettlefold,  John  Sutton,                                                            ^^| 

CaaUe  Works^  Tf/du,  Nettrport,  Monmoutluhire.               ^^^ 

^^H     1887 

Newbigging,  Thomas,                                                                ^H 

Manchester.                                                                         ^^H 

^^m 

2^ewton,  Joseph,                                                                           ^^H 

Vtroiia  Villa,  Enddiffe  RUe  Road,  BIteffiM.                  ^H 

^^M       1890 

Nice,  Alfred  Slater,                                                                  ^^| 

Carlton  Hall,  Newmarket.                                             ^^| 

^^B 

Nicholas,  Evan,                                                                           ^^| 

Merthf/r  Tydfl,  South  WaJU^.                                             ^H 

^H 

Kicholls,  Thomas,                                                                       ^^| 

90  i/t^/*  ^7?'f«^,  Bedcar.                                                   ^^H 

^H    18S8 

Nicholson,  Henry,                                                                       ^^H 

>l^fifr^  Chambers,  Albert  Square,  MaiicheMer.                   ^^| 

^^m 

Nicholson,  Jame.^i  Percival                                                           ^^H 

Bowling  Iron  Worbi^  Bradford,  Yorks.                              ^^M 

^^M 

Noble,  Henry  A.,                                                                         ^^M 

Great  'jfV^/^r/i  Iron  and  Steel  Coy.,  SeaUie,   Wa$hif^^ 

State,  U.S.A.                                                             ^H 

V     1885 

Noble,  James?,                                                                               ^^H 

Orosveiior  Terrace,  Linihorpe  Road,  Middlesbrough,             1 

■          1877 

Norbury,  William  Edward,                                                                M 

Knott  Mill  Iron  Works,  Manchester,                                        m 

1          ^875 

Nordenfelt,  Thorsten,                                                                 ^M 

c/o  E,  Bistort,  9  Victot^a  Street,  Lcmdm,  S,  W.               ^H 

^^n 

♦Norris,  W,  a,                                                                         ^H 

Coaibrookdaief  Salop,                                                            ^^H 

^^^L 

North,  Colonel  Juhn  Thomas,                                                    ^^M 

Woolpaek  Buildings,  Gracechurch  Street,  E,C,                ^^| 

ORDINARY  MEMBERS.  liii 


Elected 
Member 

1880 


Nursey,  Perry  F., 

161  Fleet  Street,  LoncUm,  KC. 


1869 
1892 
1883 
1883 
1875 


1889  I  Oakes,  Gerard  R. 
Biddings,  Alfret&ii, 

♦Oakes,  Thomas  R. 

AlfreUm  Works,  Alfreton,  Derhysifure. 
Odena,  Antonio  de  Uruburo, 

Bilbao,  Spain, 
Ogilvie,  A.  G., 

4  Great  George  Street,  London,  S,  W, 
Ogle,  Percy  Jno., 

4  Biskopsgate  Street  Within,  London,  E,C. 
Ogle,  Richard, 

4  St.  Aiuis  Square,  Manchester. 
1884  .  Oliver,  D.  B., 

I  114  First  Avenue,  Pittsburgh,  Pennsylvania,  U,S,A. 

1884  \  Oliver,  H.  W.,Jun., 

\  114  First  Avenue,  Pittsburgh,  Pennsylvania,  U.S.A. 

1 88 1   i  Onions,  Edward, 

Clarence  Iron  Works,  Middlesbrough, 

1890  ,  Openshaw,  William  Henry, 

Billiter  Square  BuUdings,  London,  E.C. 

1887  Ordonez,  Col.  D.  Salvador, 

Ordnance  Works,  Trubia,  Spain. 
1872  i  Ormiston,  J.  W., 

Douglas  Gardens,  Uddingston,  near  Glasgow, 
1892      Osbom,  Samuel, 

Clyde  Steel  and  Iron  Works,  Slieffleld. 
1890      Oser,  Johann, 

Hegelgasse,  Vienna,  Austria. 
1890  I  Osmond,  F., 

83  Boulevard  de  Courcelles,  Paris. 
1889      Otis,  Charles  Augustus, 

Otis  Iron  and  Steel  Company,  Cleveland,  Ohio,  U.S.A. 
1884  ,  Otto,  Dr.  C, 

I  20  Rue  Froissart,  Brussels. 

1889  I  Owen,  David, 

Morriston,  R.S.O.,  Glamorganshire. 

1888  I  Owen,  Hubert  James, 

38  Arcade  Chambers,  St,  Mar^s  Gate,  Manchester, 


1 88 1      Packer,  Geo.  S., 

John  Brown  ^  Coy,,  Limited,  Atlas  Steel  and  Iron  Works, 
I  Sheffield. 


liv                                         IRON  AND   STEEL   INSTITUTE.                                       ^| 

Elected 

m 

M«mt»r 

1878 

Page,  Jolm,                                                                              ^H 

Pefikridfftf  mar  Staff  an!,                                                      ^H 

1875 

Paget,  Berkeley,                                                                                   ^H 

2  Laurence  Pott  at  n  ft/  //i7/,  London,  E,C,                            ^H 

T882 

Palchondhuii,  B.,                                                                          ^H 

Moheshquritj  Fartory^  Krixliuur/shet'^  BernffU,  Induu        ^^| 

[869 

♦Palmer,  8ir  Charles  JL,  Bart.,  M.R,^                                         ^H 

Jarrow  Ifofi  Wori'if,  Nenfeastle-mi-Tyne.                              ^^| 

1884 

Panton,  W.  H.,                                                                           ^1 

Domtan,  Loufj  <S*  ^^>.,  MMksbrcmffL                               ^^M 

1S73 

PariSj  Willifini,                                                                                 ^^| 

Gifuqow  Iron  Wor^ji,  Gimqtm.                                           ^^| 

1874 

Parke,  G.  II,                                                                                    ^H 

Bmirow  HMhig  Slo^'k  Worh,  Barr<m-u^Fume$»,             ^H 

1879 

Parker,  Wuk, 

Eler/nc  Wddinff  Co.,  6  (?rmf  Ueovffe  Sireei,  London^  8,  W,    . 

1882 

Parke.^,  Eberiezer,                                                                                   J 

Atlas  Iron  Works,  Wt»t  Bromwick                                      ^^ 

1882 

Parkes,  lleury  P.,                                                                           ^H 

Tipton  Chain  J  CahU,  and  Anrhor  Worku,  TiptotK             ^H 

1889 

Parkes,  John  Israel,                                                                        ^H 

Ernie  Worh,  SmeihmcL                                                          ^H 

1^75 

Parkyn,  WilHuiu  J.,                                                                       ^H 

Enf/itteeritiff  Works,  DukinjUld^  near  Manchester.             ^H 

i88t 

PamUt,  W.,                                                                                     ^M 

58  Lyndhurd  Rmd^  Peckham,  London,  S.E.                   ^H 

1869 

^Parry,  John,                                                                                  ^H 

£'Mw  Ta/tf  /roift  Works,  Nei&port,  Monmoitthahirf.            ^H 

1888 

Pasquier,  Pierre,                                                                             ^H 

Forges  de  Wen*id^  Haijange^  Lorraim^  GermanfL            ^^| 

1892 

Passelecq,  Alheric^ Vital,                                                                ^H 

Botdfvard  Dolez,  i  7,  .l/o^w,  Belffium,                                ^^M 

1879 

Pastor,  G.,                                                                                    ^H 

Jemfppe,  near  Lie^e,  Belgium,                                         ^^M 

1878 

Patchett,  George,                                                                            ^^M 

Manor  Roud^  Halifax,                                                        ^H 

1882 

Patchett,  James,                                                                             ^H 

Shropshire  Iron  Woi^ks,  Hadle^^  Wellington,  Salop,         ^H 

1886  (  Paterson,  T,  S.,                                                                           ^H 

Motherwell,  iV,B.                                                               ^U 

1884 

PateisoD,  John,                                                                               ^^M 

Bdle  hk  Place,  WorkinftoiK                                             ^M 

1887 

Paton,  John,                                                                                 ^H 

^m 

Poiitypool,  Miffi,                                                                 ^^1 

^■^      1890  ;  Patrick,  A.  C,                                                                        ^M 

^^^^^                        Jokustoiif,  Rmfreiv$hir€^  N.B.                                           ^^M 

^^^■[1886     Patterson,  Anthony,                                                                   ^H 

^^^^H          1            Duwlaii,  Glamor^amhire.                                                ^H 

ORDINARY  MEMBERS.  Iv 


Elected  i 
Member 

1869  I  Pattinson,  John, 


1874 


75  Side^  Newcastle-an-Tyne, 


Pattison,  Jujjii, 

Napits^  liaiy, 
1892      Fattison,  JoliE  Alfred  ^ 
I  Napkg^  Itabj. 

1 88 1  I  Paul,  FmL  Wilson, 

I  llallside  Steel  Works,  Neiolon,  Glasgow, 

1890  j  Peacotk,  Ealph, 

Gorton  Foundty,  Gorton,  near  Manchester. 
1878  '  Peake,  John  Nash, 

I  Th^  Tiieries,  Tunstall,  Staffordshire. 

1889  I  Pearce,  Sir  William  George,  Bart., 

Garden,  Wemyss  Bay,  N.B. 
1885     Peanij  B'rank, 

Wui  Gorton^  }fanchester. 
1877      Pears,  GeQi^ge^ 

WUt^^nr  Mouse,  Wttton-le-Wear,  Darlington. 

1890  !  Pearsoa,  Cecil  Hope, 

The  Maenumn  Coy.,  Ltd.,  86  Cannon  Street,  London,  E.G. 
1883  '  Pearson,  Jos*  H-, 

Ilam/iteorthf  near  Birmingliam. 
1875      Pearson,  Peter, 

Dunkirk  Iron  Works,  West  Bromtnclt. 
1873      P<?Arson ,  Thoa.  H. , 

Dallam  Forge  Company,  Wigan. 

1883  Pearson,  W.  G., 

97  Cannon  Street^  Loiulon,  E.G. 

1884  Peaae,  Arthur, 

I  Dartm(/ion. 

1888      PeaBe,  Jolm  Francis, 

i  Fierremonl,  Darlingion. 

1887  '  Pease,  Joseph  Albert, 

j  Darlington. 

1882  I  Pease,  Henry  Fell,  ^LV., 

Darlington. 
1869    *Pease,  Sir  Joseph  W.,  Bart.,  M.P., 
Button  Hall,  Guisbro*,  Yorks. 
1875      Pechin,  Edmund  C., 

lioanoke^  Va.,  U.S.A. 
1890      Peech,  Henry, 

Fhwniic  Steel  Works,  Sheffield. 
Peech,  W.  H,, 

Phmnix  Bessemer  Steel  Works,  Ickles,  near  SheffieUl. 
PeiJe,  Wm., 

Cartgate,  Hensingham,  Whitehaven, 
Pendred,  Vaughan, 

33  Norfolk  Street,  Strand,  London,  W.G, 


1883 
1885 
1880 


Ivi  IRON  AND   STEEL  INSTITUTE, 

Elected 
Member 

1881 


1884 
1890 
1890 
1879 
1889 
1885 

1873 
1874 
1890 
1890 
1890 


Pepper,  Joseph  E., 

Clarence  Iron  Works,  Leeds, 
Percy,  Thomas  McLeod, 

Wigan  Coal  and  Iron  Coy.^s  Works,  Wigan, 
Perkins,  James  Watt, 

42  Snow  Hilly  Holbom,  London,  E.G. 
Perkins,  Simon,  junior, 

Sharon,  Penn.,  U,S,A, 
Pernot,  Chas., 

Ingenieur,  Brigneris  {Rhone),  France, 
Peters,  Theodor, 

14  Wichmannstrasse,  Berlin, 
Petherick,  John, 

Conseii  Iron  Works,  Blackhill,  Co,  Durham, 
Petin,  Jean  J.  Hippolyte, 

Rue  Mont  Crand,  24,  Marseilles,  France, 
Peto,  Samuel  Arthur, 

Plumbago  Crucible  Works,  Battersea,  London,  S.  W. 
Petre,  AxeL  E., 
j  Midvale  Steel  Company,  Philadelphia,  U.S,A, 

Pfeifer,  Ferdinand, 

Centralstrasse,  4,  Leipzig,  Germany, 
Philip,  Arnold, 
j  43  Onslow  Road,  Richmond,  Surrey, 

1890  !  Phillips,  Chas.  D., 

Emlyii  Engineo'ing  Works,  Newport ^  Monmoutltshire, 
1890      Phillips,  John  Wm., 

23  College  Hill,  London,  E.C, 

1883  Phipps,  Henr3%  Jun., 

Edgar-Thomson  Works,  Pittsburgh,  Pa.,  U.S.A. 
1892      Pickford,  Joseph  James, 

30  Oak  Hill  Road,  Nether  Edge,  Sh^ field. 
1874      Piedboeuf,  Gustave, 

A  ix-la-Chapelle,  Prussia, 

1884  Pierce,  J.  J., 

Sharpsville,  Pennsylvania,  U.S.A. 

1886  Pilkington,  Herbert, 

Apedale,  near  Newcastle,  Staffordshire. 

1887  I  Piiig,  Francis, 

The  Avenue,  Linthorpe,  Middlesbrough. 
1876  I  Pink,  Richard, 

6  Sedars  Strasse,  Hanover,  Germany. 
1883   I  Piatt,  Jas.  E., 

I  Messi's.  Piatt  Brothers,  Oldham, 

1882      Platb,  James, 

Atla^  Iron  Works,  Gloucester. 


1873 


Piatt,  Samuel  R, 

Werneth  Park,  Oldham. 


ORDINARY  MEMBERS.  Ivii 

Elected 
Member 

1889  Pochin,  Henry  D., 

Bodnant  Holly  Eghoyshach^  RS.O.y  Denbighshire. 
1 88 1      Poensgen,  Carl, 

Biisseldorf,  Germany, 
1 88 1      Poensgen,  Rudolph, 

Dasseldorf,  Germany. 

1890  Polonceau,  Gustave  Ernest, 

Boulevard  de  la  Gare,  41,  Paris, 
1 88 1      Ponthi^re,  Honors, 

Louvain  University,  Belgium, 
1887  ■  Pope,  Samuel, 

Tinsley  House,  Tinsley,  Slieffield, 
1885  I  Potter,  E.  C, 

I  1 161  Booker y,  Chicago,  U,S,A. 

1872  I  Potts,  John  Thorpe, 

1 00 1  Chestnut  Street,  Philadelphia,  U.S.A. 
1879      Pourcel,  Alexandre, 

2  Square  du  Boule,  Paris, 
1890  I  Powell,  Horatio  Gibbs, 

Wood  Villa,  Tettenliall  Wood,  Wolverhampton, 

1890  ;  Powell,  John, 

Millbrook  Iron  and  Steel  Woi'ks,  Landore,  S.  Wales. 

1883  Powell,  W.  H., 

Ebbw  Vale,  Monmouthshire. 

1889  Preston,  Fredk.  Walter, 

The  Poplars,  Burton  Latimer,  Kettering. 
1878      Price,  John, 

6  Osborjie  Villas,  Jesmond,  Newcastle-on-Tyne. 
1874     Price,  Joseph,  Jun., 

Brunswick  Foundiy,  Liverpool, 

1 89 1  Priestman,  Albert, 

Priestman    Bros,,     73a     Queen    Victoria    Street,    London, 
B.C. 

1890  I  Procter,  John  R., 

'  Frankfort,  Kentucky,  U.S.A. 

1890     Pugh,  Chas.  Hy., 

Whitworth  Works,  Rea  Street  South,  Birmingliam. 
1890     Purves,  David, 

123  Liverpool  Road,  Birkdale,  Southport. 
1869   *Putnam,  William, 

Darlington  Forge,  Darlington. 

1884  \  Putnam,  Thomas, 

Darlington  Forge,  Darlington. 
1 88 1   I  Pye-Smith,  Arnold, 

32  Queen  Victoria  Street,  London,  E.C. 


Iviii  IRON  AND  STEEL  INSTITUTE. 

Elected  | 
Member) 

1885  j  Radcliffe,  Francis, 

233  Burridffe  Road,  PlumtUad^  London,  S,£. 
1890  ;  Radcliffe,  William, 

Camden  Housty  Collegiate  Crescent,  Sheffield. 
1879     Radford,  R.  H., 

15  St.  Jameses  Row,  Sheffield. 
1874     Ramage,  John, 

Reckenham,  Kent. 
1869  |*Ramsbottom,  John, 

I  Femhill,  Alderly  Edge,  Cheshire. 

1869  i^Ramsden,  Sir  James, 

Rarrow'iii-Furness. 
1869   ♦Ramsden,  W.  G., 

13  Totoer  Cliambevs,  Liiferpooi. 

1890  I  Rankin,  Matthew, 

I  Cleddens,  X.R. 

1879  I  Ransome,  Allen, 

Stanley  Works,  King's  Road,  Chelsea,  London,  S.  W. 

1887  Ransome,  Frederick, 

42  Melbourne  Grove,  East  Dulwich,  London,  S.E. 
1874  !  Rapier,  Richard  C, 

I  9  Westminster  Chambers,  London,  S.  W. 

1888  j  Rapley,  Frederick  Harvey, 

'  c/o  Taste  <J-  Carlton,  63  Queen  Victoiia  Street,  London,  E.C 

1869  |*Ratliffe,  George, 

7a  Laurence  Pountney  Hill,  Cannon  Street,  London,  E.C. 
1892   I  Rawdon,  William  John, 

Elm  Villa,  Soho  Road,  IJandsworth. 
1874  I  Ray,  Edmund, 

Lindal  Moor  Mines,  Ulverston, 
187 1      Reay,  Thomas  M., 

Spennymoor,  County  Durham. 

1882  Reay,  Thomas  P., 

Airedale  Foundry,  Leeds. 

1870  Reed,  Sir  E.  J.,  M.P., 

Broadwat/  Cluiinhers,  Westminster,  London,  S.  W. 

189 1  Rees,  Robert  Thomas, 

Glandare,  Aherdare,  MojimouthsJiire. 

1880  Reichwald,  A., 

9  ^eiv  Broad  Street,  London,  E.C. 

1889  Reimers,  E., 

19  Schcnsheckerstrasse,  Magdeburg-Ruckau,  Germany. 
1880      Remaury,  M., 

56  bis,  Rue  de  Chateaundun,  Farts. 

1883  Rendel,  W.  Stuart, 

I  8  Great  George  Street,  Westminster,  London,  S.  W. 

1890  i  Renshaw,  William  Robert, 

J  Kidsyrove,  Staffordshire. 


^Hj^H                                     OEDrNAKY   MEMBERS.                                                  lix              1 

Elftcted                                                                                                                                                              ^^1 

Hember 

^^^H 

1878 

Benton,  Benjamin  Mann^                                                                      ^^M 

Sai^iie  Sireet,  Mfffield.                                                                       ^H 

18S6 

Eesimont,  Arm  and,                                                                                ^^M 

Vafenci^nn^Sf  Nord^  France^                                                             ^^| 

1S9O 

Ketz,  Ckimto  G*  de,                                                                                 ^H 

49  Em  de  Grmelh^  SahU  Germain,  Parii,                                ^H 

1885 

Reynolds,  George  E.,                                                                             ^H 

Managtr^  Warora  Colliery,  Wuroroj  C,  /*,,  India,                    ^^M 

tSSi 

Reynolds,  Tho&,                                                                                     ^M 

99  CromwtU  Eowiy  South  henxington.,  Loudon^  S\W.                   ^^M 

1887 

Hliode.%  George  W.,                                                                                ^H 

Th€  Cottage,  Victoria  Park,  Mancheater,                                     ^H 

1889 

Richards,  David,                                                                                    ^^^ 

HilUitlf^  Ammanford^  Cm^martlienMre.                                      ^^M 

1892 

Ricbajdsp  £d^ar  Jo^ij^ih,                                                                       ^^M 

Barrow  Htmatite  Stetl  Worku^  Barrmo-in^FurnuR.                    ^^^ 

1869 

^RichardB,  Edwin,                                                                                      ^^| 

Ty  Craitji  Caerho}^  Monmonifithirf,                                             ^^M 

1869 

^Richards,  E.  Windsor,                                                                              ^^M 

Loimuoor  Hofue^  Lowmmir^  Yorkshire.                                         ^^| 

1869 

^ Richards,  Josiah  J.^                                                                               ^^^ 

Ailm  Sted  Worh,  SheJiAd.                                                       ^H 

1869 

""Rii-hards,  Job,                                                                                        ^^| 

WtMtmimttr  Chambers^  Corporation  Street^  Birmimjham.          ^^| 

1869 

^Richards,  L,,                                                                                           ^^| 

West  Cumberland  Iron  and  Stftl  Co.,  Ld,^  Workington,           ^H 

1882 

Ricliartlson,  George,                                                                                 ^H 

98  WeMlx>ume  Terrace,  London^  W,                                              ^^M 

1869 

^Richanlson,  Joseph,                                                                               ^^M 

Si^ckfon-on'Tees.                                                                                 ^^M 

1872 

Richardson,  T.  G.,                                                                                 ^H 

Kiliamarsk  Forge,  ClkeHerfield.                                                      ^H 

1869 

♦Richardson,  W.,                          '                                                            ^H 

Phtt  Brothers*  Works,  Oldham,                                                     ^H 

1S81 

Richter,  Carl,                                                                                           ^1 

Omeraldirektor   der    Verelnigien    Komgit    rf-    Laurahutle,      ^^ 

Belirnutrajss€y  44,  Berlin,  Germany,                                             J 

1889 

Ridgely,  William  Barrett,                                                                     ^m 

S/zrijififidd  Ir&rt  Conipantf^  Sprinf/fjitld,  lUinoii^  U.S.  A,            ^H 

1869 

♦Ridley,  J.  Cartmell,                                                                                 ^M 

5  Summrrhiil  Grove,  Nemastk-m-Tpne,                                   ^H 

1877 

Ridley,  T.  D.,                                                                                        ^1 

Coalliam^  Bedcar*                                                                               ^^H 

J  885 

RidBdale,  C.  H.,                                                                                    ^M 

IlMon  Grange,  Guisbrough,  Yorkshire,                                        ^^^ 

1873 

Riley,  Edward,                                                                                    ^^H 

2  Citii  Road,  Fimburt/  Square^  London,  E.C,                            ^^^ 
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Elected 
Member 

1874 


Riley,  James, 

33  Rojfol  Exchange  Square,  Glcugaw, 
1873      Ripley,  Hugh, 

Bov^ling  Dt/e  Works^  Bradford,  Yorks, 
1 89 1      Ritchie,  George, 

ParkJieati  Forge ,  Glasgow, 

1882  Ritson,  John  IL  K. 

Aberdulais,  near  Neath^  S,  Wales. 
1 88 1     Rixon,  A.  W., 

10  Austin  Friars,  London^  E,C. 
1 89 1      Roberts,  D.  Evan, 

JJowlau  [roll  Works,  Dowlais,  Glamorganshire, 
1888     Ruberts,  James, 

The  LeasotDes^  West  Bromwich. 
1 89 1  I  Roberts,  Thomas  Henry, 

Witfoii  Lane  Iron  Works,  West  Bromwich, 
1 89 1  I  Roberts,  William, 

Tipton  Green.  Furnaces,  Staffordshire, 
1881   I  Roh^rt^Austen,  W,  Chandler,  C.B.,  F.RS., 

No^id  Mitif,  London,  £, 
1885     RobertsiDn,  Daniel  A,  W., 

fli€  Metropolian  Coal  Coy,,  Helensburgh,  N.  S,  Wales, 
1885  '  Robertson,  Sir  Henry  B., 

I  Faie,  Corwen,  South  Wales, 

1869  *Robiiiscin,  John, 

Westwofid  Hall,  Leek,  Staffordshire. 

1888  Robinson,  John  Fred., 

Atlas  Works,  Springburn,  Glasgow, 
1 88 1      Robinson,  R., 

HotdlUh  Hall,  Bishop  Auckland, 

1890  Robinson,  Richard, 

Home  Cfjtiagf,  Crabtree,  Pitsnioor,  Sheffield, 
1 88 1   '  Robinson,  Sydney  J., 

Brightside  Sieel  Works,  Sheffield. 

1879  Robinson,  T  N., 

Raiiwaij  Works,  Rochdale. 

1 89 1  Robinson,  Theo.  W., 

Cohrmi'j  Fuel  and  Iron  Cog,,  Pueblo,  Colorado,  U.S,A. 

1870  Robson^  Edward, 

hrif/huii  House,  Redcar. 
1884  j  Robson,  Neil, 

I  I  Dixon  Street,  Glasgow, 

1880  I  Rocour,  G., 

18  Avenue  Rogier,  Liege,  Belgium, 

1889  Roe,  Pearce, 

I  o  Foulser  Road,  Upper  Tooting,  London,  S,  W. 

1883  Roepper,  C.  W., 

^  Solid  Steel  Company,  Alliance,  Ohio,  U,S,A. 
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^m 

■      ItvULUsr 

^^^H 

1    1^73 

Rogd,  Xavier, 

ront-a-Mnmwn^  Mmrtlie,  France. 

H 

1    1S7S 

Rogera,  John  Henry, 

South  Walc.i  Iron  Warks^  Llandttf* 

I 

^^Bjo 

Rogerson,  John, 

Croxdaie  Hall^  Durfuim. 

I 

1S90 

Rogerson,  John  K, 

OrdfMJwe  Steel  Worh^  Wohutgham. 

H 

1890 

Rogerson,  Wm.  K, 

Croxdale  I /ail,  Durham. 

H 

1S89 

Rognetta,  Colonel  Francois  Renoit, 
153,  Vid  Torino,  Home^  Itaiy. 

■ 

1885 

RoUason,  James, 

Bromford  Wire  Mills ,  Erdinytou,  Binnin^ham. 

H 

1 891 

Roper,  Robert, 

Banner  Cros^^  Sheffield. 

1 

1869 

*  Round,  Benjamin, 

Hange  FurnaceJi^  TinidaU,  TipUm. 

■ 

1890 

Rowley,  Brooke, 

Ahram  Pulman  ^  Sotu^  HuUfitx* 

H 

»»7S 

Rummens,  Chas., 

a  Oldfield  Terrace,  Acton  Vale,  Lotuion^  W. 

^ 

1870 

Rummens,  Fmiicis, 

54  Warrington  Crescmty  Maida  Yale,  Lofitfofu   W. 

H 

1889 

Rummens,  Francis  William, 

Behmmt  Place,  PorUwood^  Souifiantpiou, 

■ 

1888 

Ruscoe,  John, 

Hyde,  nfar  Manehesler. 

1 

^' 

RusselJ,  Emil, 

Di^^mnlo  Geselladia/t,  Berlin, 

■ 

1882 

Russell.  John, 

8  Victoria  Chambers,  Westminster^  London,  S.  W, 

H 

1883 

Russell.  W., 

Pailter  Iron  Works,  Wishate,  N.B, 

■ 

1885 

Russell,  Robert, 

Coltness  Iron  Works^  Newmains^  N.B. 

■ 

f886 

Russell,  George, 

Sammerfee  Iron  Works,  Coatbridge^  iV.5. 

■ 

1890 

Ryder,  George, 

7*iimrr  Bridge  Iron  Works,  Touge,  near  Bulton, 

H 

1890 

Ryland,  Fred., 

A.  Kenrick  ^  Sons,  Limited,  West  Bromwieh,      - 

H 

1890 

Ryland,  William, 

Bife  Lodge,  A'^ether  Edge,  Sheffield, 

• 

J 
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Elected 
Member 

1877     Sacr^  Alfred  Louis, 

60  Qin'tjt  Vkiorla  Sireet,  London^  E.C, 
1887      St.  Oswald,  Lord, 

j  NonUli  Priorp,  Wakefield. 

1890     Salmon^  William, 

Mketfiiii^^  Uolmrook,  via  Carft/arlh. 
1890      Salter,  George , 

Sprifi^eld^  West  Bromwick, 
1880     Salter,  Moses, 

10  St,  George's  Square^  fForcester, 

1889  Sampson,  Richard  H-, 

PofiiardulaiSt  So^Uh  WaUs. 

1886  Samuel,  James^ 

Gien^amotl;  N.B. 
1869   ♦SamuekoE,  Sir  Bernhard,  Burt.,  M.P., 

56  Princess  Gate,  Sautk  Kensinytoiiy  London,  S.  W. 
1885      SamuelsoD,  Francis  A.  E., 

Sockhum  Hali^  Darim^fUm, 

1887  Sandfthl,  Ctirl  J,. 

Triimuran^  S,  Wales, 
1892      Saniter,  Enieet  Henry, 

r  I  Newmarket  Street,  Wigan, 

1890  ^Sankey,  John  Wm., 

Wintenidor/,  Wolverhampton, 
1877      Sartoris,  Herbert, 

Kettering  Furnaces,  Kettering, 
1890  I  Saner,  Franz, 

I  K  B.  Allen  tj-  Co.,  1 10  Cannon  Street,  London,  E.C. 

1887      SamuJers^  James, 

86  iJarluujton  Street,  Wolverhampton. 

1889  ,  Sauv^'fs  Albert, 

2  2  Parliament  Street,  London,  S.  W. 

1875  Sawrey,  John  S., 

I  20  Bucklei'sbury,  London,  E.C. 

1890  \  Scarf,  Fredk., 

Brom/ord  Iron  Works,  West  BromwicL 
1872   ;   Scattergood,  J., 

Stour  Valley  Works,  Sjx)n  Lane,  BirmingJuim, 
1883      SehlegtcndaU  F., 

I  Duuburg^  Germany. 

1882  I   Schlink,  Joseph, 

Fri^iif^ch'WUhelmshutte,  Afulheim-on-the-Buhr,  Germany. 

1 89 1  Sclimitz,  Albert, 

Bahfihofstrasse,  20,  Kasen,  Germany, 
1890  '  Schneider,  Chas.  P.  Eugene, 
;  Cremftty  France, 

1876  I  Schneidt^r.  Henry, 

Creus6t,  France. 
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Schott,  liobert, 

Danttemora  Sled  W<>rhs^  JSfwffiM, 

1888  I   Schrodter,  R, 

Verein  DeuUcher  EUenhwiteideute^  Diusftdorf^  Gtt'many* 

1884  Schrollcr,  Wm.  C.  P,  H., 

16    Baldni    GardtHS,     Strefiiham     Common  ^     Lottdon, 

1885  Schiiltz,  George, 

Bidolph  Hfjtut^  Eastcfieapf  iMndoUf  KC. 
1884      Schtibe,  Gustav, 

8  FriedriJistraMe,  B^jchum,   WeMlphalia^  GtrniaHif. 
1892      Schuinacher,  CaspeFj 

Brrum^  Sehnmaclier  dr  Co.,  A'ail:,  near  Cologne^  Germany, 
1890      Schwarz,  Cecil  Hitter  von^ 

c/o  H,  von  JSehmrt^  GaieraiiUabs  Clufder  15  Armie  Dirinwn 
Wien^  A'tnttria, 

1 88 1  Scott,  Ernest, 

Oio$e  Works f  Newcastle-onrTynt. 
t88i      Scott,  Ralph  G., 

Monkbrid^e  Iron  Worbf,  Leeds. 

1878  Scott,  William  Henry, 

Ntufcastle-on-  Tyne, 
t888      Secular,  George, 

5  7aU  yim>^  St.  Bees,  Carnforih. 

1 882  Seaman^  FreiL , 

Oak  Mount f  Adelaide  Rood,  Brinclife,  SheffieU. 

1880  Seddoii,  R.  B,, 

1883  Seebeck,  LeoiKiId, 

120  Cannon  Sired,  London,  E.C. 

1877  Seebohm,  Heniy, 

22  CourtjUid  Gardens,  South  Kensin^tmi^  London,  W, 

1889  Seolhoff,  Robert, 
Witien,  Westphalia,  Germany. 

74     Sellers,  William, 

i 600  Ilamit ton  Slrf^H,  Pkiladefphm^  U.S. A. 

1890  SenhouBc,  H^iraphrey  P.^ 

The  FitZy  Cocktrmouth, 

1881  Senior,  George, 

I  Pmd's  Forge,  Sheffidd. 

1879  Sepulchre,  A., 

A  n in oyedez-BerlaienwiU,  France, 

1878  Sepulchre,  Fmncois, 
Vezin^  Bflf/ium. 

1 891  Service,  Andrew  Graham, 
27  St.  Vincent  Place,  Glasgow, 

1880  ShakeU,  W.  H., 
George  Tardy  Upper  Tliames  Street,  Lmuion,  B.C. 
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Elected  , 
Member 

1890  I  Shanks,  William, 

Union  Iron  Works,  Johnstone,  N,B, 
1886  .  Share,  Geo.  W., 

72  King  William  Street,  London,  B.C. 
1869  |*Sharp,  Henry, 

Samuel  Fox^  Co.,  Ltd,,  Stocksbridge  Works,  near  Sheffield. 
1883      Sharp,  John, 

5  St,  Bernard^s  Crescent,  Edinburgh. 
1890     Sharp,  Thomas  Bud  worth, 

Tangy^s  Works,  Birmingham. 
1872      Shaw,  William,  Sen., 

Wellington  Steel  Foundry,  Middleshrough, 
1892      Sheard,  Robert, 

Spurr,  Inman  d:  Co,,  Ltd.,  Wakefield, 

1890  Sheffield,  R.  S., 

Upper  Eglinton  Road,  WoolwicJi,  S,E. 

1888  Sheldon,  John  Greorge, 

Newbiggin,  Richmond,  Yorks, 

1 89 1  Shenton,  James, 

Greenfield  House,  Hyde,  near  Manchester, 
1869    *Shield,  Clifton, 

Reform  Club,  Pall  Mall,  London,  S  W. 

1883  Shipman,  John  W., 

Attercliffe  Steel  Wire  Mills,  Sheffield. 

1889  Siddell,  George, 

RoetvooJ,  Crabtree,  Pitsmoor,  Sheffield. 
1878      Siemens,  Alexander, 

1 2  Queen  A  nne^s  Gate,  Westminster,  London,  S.  W. 

1884  Siemens,  Frederick, 

12  Queen  Anne^s  Gate,  Westminster,  London,  S.W, 
1883  !  Simmons,  Charles, 

Barroiv  Hematite  Steel  Co.,  Ltd.,  Barrow-in-Furnesif. 
1874      Simon,  Henry, 

20  Mount  Street,  Manclmster. 
1883      Simons,  David, 

Dorset  Place,  Stow  Hill,  Newport,  Mou. 
1880      Simpson,  F.  F., 

Park  Lane  Iron  Works,  Oldbury. 

1892  Simpson,  Harcourt  Tasker, 

Montgomery  House,  Sliarrow,  Sheffield. 
I  St -J  '  Simpson,  J.  B., 

j  Hedgffij'ld  House,  Blaydon-on-Tyne. 

1888  I  Simpson,  Joseph, 

Moss  Close,  Walsall. 
1874      Simpson,  J.  S., 

Harrington  Iron  Works,  Harrington,  Cumberland, 
1876      Simpson,  William  W., 

j  Ostvaldtwistle  Collieries,  near  Accrington,  1 


^^^^^^^^^^^^ORmNjm^ffiMBEHS. 

Ix^^^^l 

^^Kni^ier 

Simpson,  Henry  Charles, 

Horttthiiy,  near  WelHngUm,  Shropthit-e, 

■ 

1886 

Simpson,  Robert, 

Harringtan^  Cwmherland, 

H 

1889 

Blater,  James, 

H 

1874 

Smith,  Charles, 

cfo  Dr.  Gilbert,  F,RS.,  ffarpenden,  St,  AlbaM. 

H 

r88i 

Smith,  C.  Weston, 

Lfingland  Mall,  Mumbles,  South  Wale^f. 

1 

1882 

Smith,  Fml,, 

Caledonia  Worki,  Halifax^  Yorkshire, 

H 

1882 

Smith,  G.  Jackson, 

Bazlewood,  Hanmoor^  Sheffield, 

H 

1889 

Smith,  Henry  John, 

H 

1880 

Smith,  J  no.  Job., 

Southufood  House,  Eiiham,  KenL 

H 

1882 

Smith,  Joseph  H., 

Summerhitlf  Kingswinford^  ^uar  Dudley, 

1 

1869 

♦Smith,  Josiali  T., 

Rhine  Hiil,  StraiJhrdrOfirA  von. 

I 

1874 

Smith,  Robert, 

CasUe  Mill,  Slu'ffirhL 

H 

1889 

Smith,  Samuel, 

Monway  Steel  Works,  Wedtiesburi/, 

H 

1876 

Smith,  TlionKiJS  Taylor, 

Gosforlk,  Newccutle-wi'Tffne. 

H 

1S85 

Smith,  Watson, 

Universiiif  College,  Gower  Street,  London^  W. 

H 

1884 

Smith,  W.  A., 

H 

1S77 

Smith,  W.  Ford, 

Greeley  Iron  IVorh,  Manchester-, 

H 

1876 

Smyth,  Samuel  Richard, 

Tfie  Sled  and  Iron  Cojf,^  SCowe,  near  Weedon, 

H 

1869 

*Sadu8,  G.  J.,  F.KS„ 

Ennerdtde  Mail,  Frizlngton,  vi4  Carnforth, 

H 

1890 

Sochor,  Baron  Friedrich  R.. 

Fiich€  Game,  Vienna^  Austria^ 

H 

1884 

SoldenhofF,  Richard  da, 

71  St  Mary's  Street,  Cardiff 

■ 

1884 

Somers,  Walter, 

Mat/ word  Forge,  Birmingliam, 

H 

1884 

Sorby,  T;W,, 

StorthJieU,  Sheffield, 

H 

1886 

Sorby,  Henry  G,  F.R.S., 
Broomjidd,  Sheffield, 

J 
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Elected 
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1885  Sotomayor,  Major  F.  Alvarez, 

Ordnance  Works,  Trubia,  Spain, 
1889     Sparrow,  Henry, 

Nimley,  Dudley. 
1 89 1      Spaulding,  H.  W., 

Manufacturing  Coy.,  Grinnell,  lotca,  U.S.A. 

1889  Spencer,  Charles, 

West  Stockton  Iron  Works,  Stockton-on-Tees. 
1869   *Spencer,  John, 

PJioenix  Works,  Coatbridge,  N.B. 
1888      Spencer,  John, 

Globe  Tube  Works,  Wednesbury, 

1879  Spencer,  J.  W., 

MUlfield  House,  Newbum-on-Tyne. 
1869   *Spencer,  Thomas, 

The  Grove,  Ryton,  Blaydon-on-Tyne. 

1880  Squire,  Edw.  L., 

Coalbrookdale  Iron  Works,  Sliropshire, 
1888     Squire,  Lionel  R.  Littler, 

30  Si.  John's  Wood  Park,  London,  N.  W. 

1890  Squire,  Wm.  Stevens,  Ph.D., 

Clarendon  House,  St.  John's  Wood  Park,  London,  N.  W. 
1878     Stanger,  William  Harry, 

Testing  Works,  Broadway,  Westminster,  London,  S.W. 
1890     Stanley,  Hon.  E.  Lyulph, 

t8  Mansfield  Street,  Cavendish  Square,  London,  W. 

1881  Stanley,  John  \V., 

The  Laboratory,  Tondu,  Bridgend,  Glamorganshire. 
1873      Stead,  J.  E., 

5  Zetland  Road,  Middlesbrough. 

1886  Steel,  Henry,  Jun., 

Phfjeuix  Steel  Works,  Ickles,  Shejffield. 
1890      Steel,  James, 

Boroughfield,  Colinton  Road,  Edinburgh. 
1886      Steel,  AVm., 

Phoenix  Steel  Works,  Ickles,  Sheffield. 
1890      Steele,  Robert, 

6  Gracechfurh  Street,  London,  B.C. 
1873      Steer,  Edward, 

Castle  Work^,  Tydu,  near  Newport,  Monmouthshire. 
1877      Sterne,  Louis, 

2  Victoria  Mansions,  Westminster,  London,  S.  W. 
1880      Steven,  Thos., 

Milton  Iron  Works,  Glasgow. 
1875      Stevens,  Warwick  Allan, 

Darlington  Works,  Southwark  Bridge  Road,  London,  S.  E. 
1869    *Stevenson,  John, 

I  Acldam  Iron  Works,  Middlesbrough. 
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Ebetad 

*• 

^J 

Member 

^^^H 

tS^I 

Stevenson,  John  Lester, 

Lewis  Block,  Fituhurgh^  Pa,,  U,S.A, 

■ 

1873 

Stewart,  Andrew, 

41  Om^ld  Street^  GlasffouK 

H 

1883 

Stewart,  Peter, 

Tkarm  Sulphur  and  Copper  Co.,  Glasgow, 

H 

1876 

Sioddart,  Charles  Jokn, 

Parkqate  Iron  WorJcA^  Bother  ham. 

■ 

187a 

Stoker.  F.  W., 

£asffm  itAnders^m  Co,  {L<L),  Eriih  Iron  WuiIca,  Erltk,  Kent 

1 

18S0 

Storey,  Sir  Thomas, 
LaTicaster. 

J 

1884 

Storey,  Edgar, 

I  Rumford  Place^  Liverpool 

■ 

1888 

Storey,  Thomas  R, 

Kidigr&t'e,  Stafordthire, 

■ 

1887 

Storey,  Wm.  John  Patrickson, 

Prempj/lfa,  Rhyl,  N.   Walei, 

H 

1888 

Storr,  Frederick » 

^H 

2 1  The  Groves,  Chesitr, 

*  ^H 

1886 

Storr,  Walter  W., 

Messrs,  Bolchm\  Vauffhan  4'  Co,^  M'uidleshfouyh. 

■ 

i88s 

Straker,  Herbert, 

Thorrmhp  Iron  Works,  Stockioi^oii^Teei. 

1 

1879 

Strang,  J.  IL, 

LoMum  Iron  Woj-ks,  GlcugouK 

I 

1883 

StraDge,  A.  J., 

Mala koff  House,  Abergavenny, 

1 

^76 

Strick,  George  Henry, 

Amman  Iron  Wiyrks,  Stmnsea, 

H 

1880 

Strick,  J  no., 

Jiar  inn,  Madtley,  Staffordshire, 

■ 

188 1 

Stubbs,  Frederick, 

Edgegate,  Osborne  Hood,  Sheffield. 

1 

1885 

Sturrock,  David, 

Camiyne  Iron  Co.,  GlasgauK 

1 

I872 

Summers,  James  W., 

GioU  Iron  Works,  Stalyhridge. 

H 

1890 

Summers,  John, 

Globe  Iron  Works,  Stalyhridtft. 

H 

1873 

Sumner,  William, 

Brazenose  Sh^eef,  Manchester, 

H 

(876 

Sutcliffe,  F.  John  Ramabottom, 

LoiP  Moor  Iron  Works^  Bradford,  Turks, 

H 

it^a 

Sutherland,  David  iUexander, 

28  Victoria  Stred,  London,  6;  W. 

1 

1893 

Sutclilfe,  Samtiel, 

3IomU  Terrace,  Mostgn,  North  Wales. 

1 
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1                  Blootod 

^^^M 

1                  M«iiibor 

^^^^^^M 

^^           1890 

Svedelius,  A.  C                                                               ^^^M 

(Jddefialm  Worhi,  l^iftdm.                                         ^^H 

H 

Swan,  Edward  W.,                                                                ^^^H 

MiddUsbf'owjh,                                                                  ^^^^H 

^1 

Swau,  Herbert  A.  ^                                                                ^^^^| 

MiddMmmyk                                                           ^^H 

1874 

Swan^  Henry  R,                                                                 ^^^H 

Beau/ront  Casile^  Htxhtmu                                        ^^^^| 

1869 

^Swan,  John  a,                                                                         ^^^| 

Cai\qn  FUtt  Iron  Worh$,  MiddU^m^                   ^^H 

1869 

"^Swindell,  J.  £,«                                                                    ^^^1 

CnulU^  Iron  Work$^  Slourhrid^e,                              ^^^^M 

1890 

Sykea,  Ezra,                                                                        ^^^H 

GienffeU,  Marsh,  Huddertfield,                                 ^^^1 

t88i 

Sjkes,  Eobert,                                                                      ^^^1 

^ 

Acres  House,  Stalyhridge.                                            ^^^^| 

1879 

Taitj  James,                                                                         ^^^H 

RaUhy  Hill  Litne  Worh,  Coxhot,  Couni^  Durham.  ^^H 

1890 

Tannett,  John  Croysdale,                                                         ^^^^B 

Rw  Mount,  Chapekotcn,  Litds.                               ^^^| 

1869 

Tate,  John,                                                                           VBH 

Workington,  HemaiiU  Iron  and  Stael  Co.  (Id.),  W^fHSkSmHj 

187s 

Tatham,  Thomas,                                                                  ^dH 

102  Corporation  Street,  Manc/iester,                            ^^^^M 

1880 

Taylor,  James,                                                                        ^^^^| 

Shirediffe  Cottager  ShirecUffe  Road,  Shield,           ^^H 

1888 

Taylor^  Joseph  Samuel,                                                        ^^^H 

Derwtnt  Foundry,  Birmingham,                                ^^^^| 

1876 

Taylor,  T.  A.  0.,                                                                  ^^^1 

Claretice  Iron  Works,  Leedh^                                         ^^^^H 

1887 

Taylor,  James,                                                                          ^^^^| 

Park  Houitf,  Qtieen's  Road,  Oldham,                         ^^^H 

1890 1 

Taylor,  Joseph  Garstdc,                                                           ^^^^| 

Tkont<it'ne,  Tapt^n  Eorni  Road^  Sk^fiddL                ^^^1 

1893 

Taylor,  William  J.,                                                                ^^^1 

IHrjh  Bridge,  New  Jersey,  U.S.A.                              ^^M 

1887 

Tench,  Wm,  B.,                                                                           ^H 

Hamilton  Iron  Works,  Garston,  near  LivtrpooL        ^^^H 

1879 

Tennant,  Sir  Charles,  Bart,                                                   ^^^H 

St  Vincent  Street,  Glasgow.                                        ^^^H 

1890 

Thackray,  George  Edward,                                                    ^^^H 

Cambria  Iron  Co,,  Johnstown,  Fa.,  U,S,A.               ^^^H 

1885 1 

Thackray,  Wm.,  Jun,,                                                             ^^^H 

^ 

7  The  Avenue,  Sunderland,                                         ^^^^M 
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Elected 

^H 

Membur 

^^^H 

1875 

Thiden,  Alex.,                                                                                        ^H 

FUefiii:  /rati  Works,  Huhrort^  Eheni9k  Pmiutia,                          ^H 

1890 

ThoEias,  Francis  Teheme,                                                                      ^^M 

Meirion  CoUape,  Aberdare,                                                           ^H 

1888 

Tliomas,  James  Lewis,                                                                         ^H 

Brpi  Awdf  Aberdart.                                                                     ^^| 

1892 

Thomas,  Joki],                                                                                        ^^| 

Flaiissaf  Lkmgennech^  Sovfh  [Va/en,                                              ^^M 

1S89 

Thomas^  Jolin  GlyD)                                                                              ^^| 

Llfrfifjemiechj  tSouth   Wulfn,                                                                   ^^H 

1888 

Thomas,  Hicliard^                                                                                   ^^M 

Birdiiiirg  Iron  Worh,  near  WaimlL                                               ^M 

1881 

Thomas,  E.  B.,                                                                                       ^H 

The  J/oor/a/irf^,  Lydiiey,  GloufetierMrf,                                      ^^H 

1878 

Thomas,  WiUiam,                                                                                 ^H 

Brt/n  Aieel,  Aherdatt,                                                                     ^^| 

1888 

Thomas,  William^                                                                                 ^^| 

109  Teifmhall  Road,   Wolverhawphm.                                             ^^| 

1878 

Thomas,  Williant  Henry,                                                                         ^^| 

15  Parfiffmenl  Streeif  London^  S*  W,                                                ^^M 

1882 

Thomlinson,  Wm.,                                                                                    ^^M 

Seaioii  Carew^  near  Wrttt  HartUpooL                                             ^^M 

1882 

Tlvompson,  Sir  Rnmy  M.  Meysey,  Bart,                                           ^H 

Kirbp  Eidl,  York                                                                          ^H 

1882 

Tfiompson,  Jaine*,                                                                                       ^^| 

Simjleton  Park,  Kendal.                                                                      ^H 

1889 

Thompson,  Philip,                                                                                    ^H 

Thompson  <C  Co.,  Zetland  BwildififfK,  Middleihrouyk                 ^H 

1886 

Thompson,  Kohert,                                                                                   ^^M 

Fulwdl  WeU  House,  Sunderland.                                                 ^M 

1883 

Thompson,  8.  Jno.,                                                                                ^H 

Mudiall  fJ^rorffej  Wohmhampton,                                                      ^^| 

1891 

Thompson,  WiJ.son,                                                                                  ^^| 

Gryffe  Home,  Bridge  nf  Weir,  iWB.                                            ^H 

1879 

Thorn  son,  Charles,                                                                                ^^| 

Calder  Iron  Works,  Coaibridge,  A\B,                                         ^H 

1^73 

Thomson,  Grahame  H.,                                                                         ^^M 

129  Trongata,  Olasgmp,                                                                   ^^M 

1882 

Thomson,  James  R.,                                                                           ^H 

Clyde  Bmik^  Dumbartonshire,                                                         ^^| 

1869 

♦Thomson,  J.  M.,                                                                                     ^^| 

Calder  Iron  Works,  Glasffow,                                                            ^H 

1878 

Thomson,  John,                                                                                      ^H 

Edon  Mines,  near  Middle^ro'-on-Tees,                                         ^H 

s88i 

Thwaites,  Edward  IL,                                                                              ^^| 

Yukan  Iron  Work^,  Bradford,  Yorktt.                                            ^^| 

1891 

Tiliey,  Albert,                                                                                         ^H 

WU'w^hampion  Road,  WalsalL                                                   ^M 

^^^l5n^^^^^^^^IK0^rW^TS^NSTTTCT?^^^^^^^^^H 

^K         SlMt«4 

^^^^^1 

^H          lf«rab«r 

^^^^^^^H 

^H       1890 

Tinn,  CecQ  Godfrey,                                                         ^^^B 

^H 

Mill  House,  Ponttmoynydd,  South  WalfM.                        ^H 

■ 

Tinn,  Joseph,                                                                         ^^% 

Begbrook^  Frenchay^  near  Bristol, 

H 

Todd,  Hadden  W,» 

Sl  Hektiif  Lancoihire, 

^H 

Tolmie,  A.  D., 

166  Biu'ltanan  Streti^  Glas^fow, 

^H      18S9 

Tompkin,  John  Btinjamin, 

Ntwhull  Steel  Worh,  SheffieU. 

^H 

Torbock,  Joseph, 

MidiUesbrough-on-  Tet$. 

^B 

Toaks^  Edwin, 

Molly  Cottage,  Weti  SmetkwicL 

^^^      1890 

Torrens,  Gerard, 

Cromwell  Road^  South  Kennngton,  Londoji,  W, 

^H 

Tosh,  KG,, 

Ii^tyrth  Lonsdale  Iron  and  Steel  Company,  Ulverston, 

H      18S3 

Tozer,  Wm.. 

13  LawdOH  Boadf  Shtffield. 

H         i^»3 

Trasenstor,  Paul, 

Boulevard  Frhre-Orhan,  4,  Liege,  Belgium, 

^1    1889 

Tripoli^,  Emile, 

36  6w  Boulevard  d^Argmson^  NeuUly^  Paris, 

H    ^^st 

Trubahaw,  Ernest, 

Wegtsm  Tin  Plate  Works,  Zlanelly,  South  Wales, 

^1 

Tucker,  A.  K., 

35  Paradise  Street,  Birminghanu 

^H 

Turley,  Theodore, 

Ancho^r  Tube  Company,  Gas  Street^  Birmingham. 

H    1886 

Turner.  Thomas, 

Sh^Uoii  Iron  and  SUel  Works,  Stoke-on-Trmt 

H 

Turner,  Thomas, 

^^H 

Mason  Science  College^  Birmingltam, 

■ 

Turton,  Geo., 

^^^H 

Patetit  Buffer  Sted  and  File  Wot^h,  Sheffield, 

■ 

Turton,  Juhn, 

Vnlmn  Forge  and  Boiling  Mills,  Sheffield, 

^1         '3^5 

Tweedie,  Jas.  A., 

1 2  St,  A  ndrew  Square,  Edinburgh, 

^H 

Twyuam,  Thomas, 

7  MarlhoToiigh  Terrace,  Bedford  Parl\  Lmuion,  W. 

^^^^1889 

Tylden- Wright,  Charles. 

Ashley  Grove,  Worksop, 

Upton,  Douglas, 

^^r                             tStockton  MailcahU  Iron  Company ^  StocktoH-on'Teet* 
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Elected 
Member 

1874 


Valentine,  Charles  J., 

20  Victoria  Street ^  Workington, 
1875      Valton,  Ferdinand, 

166  Faubourg  St.  ffonori^  Paris, 
1873      Vaughan,  Cedric, 

HodbaiTow  Mines^  Millom,  Cumberland. 
1885      Verdi6,  K, 

9 1  Rue  Jouffroy^  Paris. 
1892  j  Verestchagiiin,  Nicolas, 

Dobriansay  Works^  Perm,  Prussia. 
1869  |*Vickers,  T.  E., 

River  Don  Works,  Sheffield. 
1 88 1      Vitoria,  Jos6  Felix, 

Bilbao,  Spain, 
1883      Vivian,  John, 

Whitehaven. 
1 89 1      Vosmaer,  Alex., 

Hdagsche  Plaieelbakkerij,  "  Rozenburg"  Holland. 


1869  *Waddington,  Joseph, 

Iron  Foundry,  Bai-row-in-Fumess. 

1870  I  Wadham,  Edward, 

:  Millwood,  Daltoji'in-Furiiess. 

1890      Wadham,  Walter  Francis  A., 

Millwood,  Dalton-in-Furness. 
1883      WaUes,  J.  W., 

Monkland  House,  near  Airdrie,  N.B. 

1885  Wake,  Henry  H., 

River  Wear  Commission,  Sunderland. 
1890  I  Walker,  Arthur  Tannett, 

Goodman  Street  Works,  Leeds. 

1886  Walker,  C.  C, 

Lillesliall  Old  Hall,  near  Newport,  Shropshire. 
1875      Walker,  John  Scarisbrick, 

1  Pagefield  Iron  Works,  Wigan. 

1874  '  Walker,  William, 

Hawthorn  House,  Saltburn-by-the-Sea,  Yorkshire. 
1888      Walker,  William  Edward, 

Whitehaven. 

1888  I  Walker,  William  Huginn,  Jun., 

i  Wicker  Iron  Works,  Sheffield. 

1889  I  Walker,  William  Rose, 

Illinois  Steel  Co.,  South  Chicago,  U.S.A. 


Ixxii  IRON  AND  STEEL  INSTITUTE. 


Elected 
Member 

1887 


Wallis,  James  J., 

10  «S^^  SwithirCs  Lane^  LoTulon^  E,C. 

1875  Walton,  John  P., 

Acomhy  Ufxham, 
1878     Walton,  Joseph, 

Zetland  Buildings  Middle9hrottgh, 

1889  Walton,  Joseph  Pearson, 

Campbell  Street,  WUhaw,  N,B, 

1890  Warburg,  Frederick  Elias, 

8  Porchester  Terrace^  Hyde  Park,  London^  W. 
1869    *Ward,  George, 

Bearnett  Houses  Wolverhampton. 
1869   *Ward,  Henry, 

Priestfield  Works,  Wolverhampton, 

1 89 1  Wardale,  John  Dobson, 

I^edhewjh  Bn(/ine-Works,  Gatesherul-on-Ttme, 
1878      Ware,  Charles  William, 

37  Grosvenor  Place,  Netacastle-on-Tyne. 

1888  Warrington,  Henry  James, 

Berry  I  fill  Farm,  Stoke-on-Trent. 

1889  Watt,  John  Landale  Wilson, 

East  Elm,  Radnor  Parky  near  Dalmuir,  N.  B. 

1890  Watts,  Edmund  Hannay, 

Devonhursty  Chiswick, 
1890      Wawn,  Charles, 

Piitent  Shaft  Works,  JVedneshiiry, 

1876  Webb,  F.  W., 

Chester  Place^  Crewe, 
1873      Webb,  Henry, 

Invell  For(jc,  Bury. 

1872  AVebb,  Henry  A., 

I  Church  Street  Chambers,  Stourbridge. 

1873  Wedekind,  Hermann, 

158  Fenchnrch  Street,  London,  E.C. 
1878  I  Weeks,  Joseph  D., 

'  Pittshurgh,  Pa.,  U.SA. 

1872   I  AVeir,  AVilliam, 

I  Gartsherrie  Iron  Works,  Coatbruige,  N.B. 

1878  I  AVellman,  Samuel  T., 

I  Wtllman  Iron  and  Steel  Co.,  Thurloic,  Pa.,  U.S.A. 

1892  Wells,  W.  K, 

Ehnwood,  }fi>sbroughy  near  Rothei'ham. 
1872      AVendel,  Henri  de, 

Hayange,  Linrahie,  Germany. 
1872      AVendel,  JRobert  de, 

Ilayange,  Lorraine,  Germany. 
1889  '   AVestern,  Clias.  Robert, 

j  Broadway  Chambers,  London,  S.  W. 


ORDINARY   MEMBERS. 

Ixxlii        1 

Elected 

^H 

Alembor 

^^^H 

187S 

Westmacott^  Percy, 

Bmiweil  Hilly  Newcaf^tk^n-Tyiff, 

H 

1892 

Whoatcroft,  Ernest, 

117  Imiustry  Road^  Bamalt^  near  Shefitdd, 

1 

1890 

Wheeler.  E.  A., 

Sharon,  Penn.,  U.S,A, 

H 

1871 

Wheelock,  Jerome, 

Iforfw/fr,  Ma»^.,  U.S.A. 

S 

1883 

While,  Ailolph  S., 

1 

Chancery  Lant  Safe  Depont^  Chancery  Lane,  Londmt^ 

W.C.         1 

1883 

While,  Charles, 

Cockffi  Villft,  Wainey  Road,  Barm^f. 

J 

1879 

Whins jiehl,  Btirroto-inrFurfiem, 

1 

1883 

Whipham,  A,  H., 

Qiietn^s  Square,  Muidlesbr&upL 

■ 

1883 

White,  Hy., 

Detivetit  Hmtse,  Gold  Topn,  Newport,  Man, 

fl 

1887 

White,  Henry, 

Bridge  Street,  Workmp, 

fl 

1885 

White,  Jolai  Henry, 

Dertvad  Work»^  Warkin^on, 

■ 

1889 

White,  Ma«nsel, 

BtthUym  Iron  Company,  Bethlehem,  Fa.,  U,S.A. 

H 

1889 

White,  William  Henry,  CM, 

^1 

Dirtctar  o/^'avaf  CoHntrucHon,  The  A dmiraitfj  London,  S,  W,         J 

1873 

Whitehead,  John, 

Penwortham  Frifiri^^  Preston,  Lancashire, 

■ 

1881 

Whitehouse,  Daniel, 

Abercarn,  Newport,  Mon, 

I 

18S6 

Whitelaw,  Thomas, 

WdUngton  Street,  Olanqntt. 

■ 

1886 

^Vhiteley,  Henry  J., 

Lane  Home,  Ulveriton. 

I 

1870 

Whitham,  X, 

Perseverance  Iron  Work^,  Leedn. 

1 

r888 

^Vhittle,  John, 

Yarra  House,  Chorlej/,  Laneas/tire. 

I 

1890 

Wliitwell,  Joseph  Fry, 
Saffl/u  ru^t/'tfte-Sea. 

■ 

1869 

*Whitwell,  William, 

Tkornahj  Iron  Works,  Stockton-on-TeeB. 

1 

1890 

Whit  well,  William  Fry, 

Tkornnhy  Iron  Works,  Stockton. 

M 

1876 

Wickstecd,  Jos.  Hartley  {care  of  /,  Buckhm  4c  Co, ), 
Well  House  Foundrt/,  Leeds, 

^ 

1889 

Widdoii,  Isaac, 

boil  Iron  Worht  Mtsl/rott^h,  Yorh* 

1 

^ 

1 

Ixxiv  IRON  AND  STEEL  INSTITUTE. 

Elected 
Member 

1 88 1  Wigzell,  Eustace, 

Sowerhy  Bridge,  Yorkshirf, 
1890     Wild,  Frederick  Charles, 

Borusna  Steel  Works,  Sheffield. 
1888     Wilkinson,  George  W., 

Bisca,  Newport,  MonmotUhsIitre. 

1882  Wilkinson,  George, 

I  Tividale  SJieH  Mills,  Tipton, 

1885      Wilkinson,  George  W., 
Whitehaven, 

1888  1  Wilkinson,  Thomas, 

99  Bwmgreave  Road,  Sheffield, 
1884      Willans,  B., 

Barrow-in-Furness,    • 
1878      Willans,  John  William, 

I  Mawson  Buildings,  28  DeansgcUe,  Manchester. 

1875      Williams,  David, 

Alyn  Tinplate  W<yr1cs,  Mold,  North  Wales, 

1883  Williams,  E.  Leader, 

Ship  Canal  Office,  Manchester, 
1880     William^,  Illtyd, 

Linthorpe  Works^  Middlesbrough 
1880      Williams,  Israel, 

Solway  Hematite  Iron  Works,  Maryport, 

1889  Williams,  James, 

The  Fields,  Newport,  Monmouthshire. 
1880      Williams,  John, 

Roger  stall  House,  Tydu,  Newport,  Monmouthshire. 
1872      Williams,  Nicholas, 

Hodharrow  Mines,  Mil  lorn,  Cumberland, 

1888  Williams,  Penry, 

Linthorpe  Iron  Worhs,  Middlesbrough. 

1889  Williams,  Peter, 

Brymho  Steel  Works,  Wrexham. 
1869    *  Williams,  Richard, 

Brunswick  Iron  Works,  Wednesbnry. 

1872  Williams,  R.  Price, 

32  Victorid  Street,  London,  S.W. 
1874      Williams,  Robert, 

Excelsior  Iron  Works,  Wisliaw,  N.B. 
1877      Williams,  Wilfred, 

Neivhall  Works,  Birmingliam. 
1882  '  Williams,  William, 

Upper  Forest  Steel  and  Tinplate  Works,  SicanMa. 
1880      Williamson,  R.  H., 

Oakhurst,  Cockermouth. 

1873  Williamson,  J.  1)., 

I  Cargo  Fleet  Iron  Worki>^  Middlesbrough, 


Williaiiison,  Richard, 

Warliuf/ton,  Cumberland.  I 
Willis,  Thomas  Wilkinson, 

^2  South  Grove  Road,  Sheffield, 
Willmaii,  Charks, 

Middlejfhrough, 

*  Wilson,  Alexander, 

Cyclopn  WorlcBy  Shf£iehL 
WUson,  A.  E., 

85  Chancery  Lane,  L*mdon^  W,C, 
Wilson,  George, 

Broughton  G range ,  via  Carlule, 
♦Wilson,  Isaac, 

Nnnthorpe  HaU^  MiddleibrmgL 

*  Wilson,  John  Frederick, 

Tffftt  I  roil  Work*^  Middhsbrough, 
Wilson,  Robt  Theo., 

Tee»  Iron  Works ^  MiddUsbrough. 
Winder,  Charles  Aston, 

For  ton  Lodtfty  Pitsmoor^  ShrJjUhi, 
Wise,  W.  Lloyd, ' 

46  LincMn  Inn  Fields^  London,  W.C, 
Withe  row,  J.  P., 

Pittsburgh,  l\S.A, 
Withy,  Henry, 

Midilhion  Shipyard,  We»t  Hartlepool, 
Wittgenstein,  Karl, 

/,  Krmerdras$e^  18,  YifMna. 
Wolfenikn,  William, 

Vulcan  Steel  Worh,  Barrow-in-Fumeu, 
Wood,  B.  G,, 

Wardsend  Steel  Worh,  Sfieffield. 
Wood,  Charles, 

Tees  Iron  Works,  Middle^ough. 
Wood,  Edward, 

Oaean  Iron  Works^  Ordsal  Lane,  MaticheRter* 
Wood,  Edward  iL, 

2  Westmiiister  Chitmhers,  London^  S,W. 
Wood,  George  R., 

Fairfield,  BothweU,  KB, 
Wood,  John, 

Troon,  KB. 
Wood,  John, 

Barley  Brook  Foundry^  Wi^an, 
Wood,  Percy, 

84  Christ  Church  Road,  Streafham  Hilt,  London,  S.L\ 
Wood,  Reginald  K, 

Bignali  Hilt  Colliery,  Stafford, 


Izzvi  IRON   AND  STEEL  INSTITUTE. 

Elected 
Member 

1889     Wood,  Stuart, 

400  Chestnut  Street,  Philadelphia,  U,S,A, 

1 882  WoodaU,  John  W., 

St.  Nicholas  House,  Scarborough, 
1879     Woodcock,  H.  B., 

Low  Moor  Iron  Works,  near  Bradford,  Torks. 

1888  Woodcock,  Joshua, 

I  Laburnum  Cottage,  Low  Moor,  Yarks, 

1889  ,  Woodward,  Wm.  C, 

Bidiiulph  Valley  Iron  Works,  Sloke-onrTrenf. 

1889  Woolcock,  Henry, 

Whitehaven, 

1890  I  Worrall,  W.  E., 

131  Corporation  Road,  Middlesbrough, 

1883  Wotherspoon,  Jno., 

Gartsfierrie  Cottage,  Coathridgt,  N.B. 
1890     Wragg,  John  Downing, 

Swadlincote,  Burton'On-Trent, 
1876     Wraith,  George  Henry, 

Tudhoe  Iron  Works,  Spennymoor. 
1887      Wright,  Albert  Leslie, 

Butterley  Hall,  Alfreton, 
1873     Wright,  J.  Roper, 

Elba  Steel  Works,  Gower  Road,  near  Swaftsea, 
1887      Wrightson,  Stephen, 

Camforth  Iron  Works,  Camfarth. 
1872     Wrightson,  Thomas, 

Teesdale  Iron  Works,  Stockton-on-Tees, 
1 87 1   1  AViirzburger,  Philip, 

Creuzna^h,  Rhenish  Prussia. 
1878      Wynne,  Francis  George, 

37  Walbrooky  London,  K.C. 


1883      Ybarra,  Don  Jos6  A.  de, 

Ronda  de  Recoleios,  3,  Madrid,  Spain, 
1883      Ybarra,  Tomas  de  Z., 

Bilbao,  Spain. 
1 88 1      Young,  Edmund  B., 

Salroyd,  21  Cambalt  Road,  Ptitney,  London,  S.W. 
1880      Young,  James, 

I  Snlroyd,  2 1  Cambalt  Road,  Putney,  London,  S.  W, 

1890  '  Young,  John, 

I  Uasierhouse,  Baillieston,  N.B. 

1886      Young,  Robert, 

20  Victoria  Street,  London,  S.  W. 


ORDINARY  MEMBERS. 

Elected  ] 
Member 

1892      Young,  Septimus, 

5  Victoria  Street,  Westminster,  S,  W, 
1890     Younger,  John, 

20  Cook  Street,  Glasgow, 


1889 
][882 


Zabalburn,  Ramon  de  Jaurequi  y, 

Bilbao,  Spain, 
Zeitz,  Theodore, 

SL  PeUr's  Close,  Sheffield, 


rVINTED   BV  BALLANTYNB,   HANSON   AND  Ca 
BDINBUKCH  AND  LONDON. 


